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PREFACE TO THE FOURTH EDITION 


The Editor who assumes to rt\ise a work planned by such masters 
of mcdicmc as Frederick Fordihcimer and Frank Billings has no cm lablc 
task Ne\crthele s he is aided bj the factor of time for m no branch 
of applied science is progress more rapid than it is in the practice of 
medicine In the \ear8 which hn\t elapsed stneo the last rcMsion of this 
work numerous discoi cries hawc been made, and this statement is particu 
larly true when one deals with the subject of applied therapeutics In 
addition numerous discoveries have been made bearing upon the classifica 
tion of di case, on its ctiolt^, on its pathologj, and it has been the aim 
of the I ditor to incorporate the e into the present eslition 

The study of disease from tlu functional standpoint has progres-ed 
80 rapidly and this stiuK has thrown «o much li(,bt into hitherto dark 
corners that a consuUnition of remedial ogincits from tins new of 
pathologj la an urgent necc«sit\ in present da% tlitrapeiifics 

The reader will find lu the present edition a rearrangement of the 
infectious di8ea«e , necessitated b\ addid knowlolgo regarding etioloj^ 
A section on thernpontic tcchnu has bicn added to the ceond tolumc, 
in order to emphnsuo the more totlinicjl a poet* — pamceutosis lene- 
section transfusion ctc~aud the giuenil principles undcrlving tlie ad 
ministration of medicine by various route 

The section on intoxications has J>ccn greath expanded, and an attempt 
has been made to arrange li so (hut the larious aspects of intoxication arc 
di cussed in the form in which they pn ent them dies to tlio general 
practitioner The ections de ihug w itli diseases duo to dietarj deficiencies 
and nnaph\laxii have been cntirel\ reviscil and rearranged 

\n intirilj new iction on nccnpKioiial di«<.i i the importance of 
wlmli has bc«n emphasized In the immerons Stale Compensation I^ws 
Ins Ikiii written ihe eatioii on the diseases of the circulatory orgiiis 
h IS Isxn rcirranged and almost cutirclj rewritten. New sections dcalni^ 
With the treatment of tho common afTeetions of the me car and skin 
have liecn introduceil, and al«o chipters dialing with such mmor surgical 
and gMieeological infections as ran U handled satisfactorih bj the general 
practitioner 

Ihe unportniioo of a thorough knowledge of applied therapeutics is of 
such positue moment to Ihe roan in praitici that tho ren ion of this 
"ork becomes of imporlamy to thi iiitiro prufi sioii. Lndcr llie able 
editorial siipcnisioii of Ircdimk Forchlieinur and I rank Billings this 
work nelueaed a national aeceptanct and international recognition that has 
neicr been given to am other Vmcnnm work covering tho same field. 



MU 


PREFACE TO THE FOURTH EDITION 


In order to maintain tlic position of tins ^vork, tlit Fditor liaa used his 
best endeavor to select authors for the new sections who arc masters in 
their chosen fields, and, where the articles of previous authors hive been 
rewritten by some one other than the original, the same care has been 
exercised 

Geoloe Blujiei 



PREFACE TO THE FIRST EDITION 

Tins work was undertaken Iwaiise it <ocmc<l that a prc^rnt-ition 
in exlenso of tlic tlicrapeusis of mtemni di eases miglit be valuable to 
all tliose engaged in the practice of medicine 

I venture to say tint the subject of the treatment of internal disca cs 
15 fast becoming if it has not alia id> I>ocome, one of tiie most impor 
tant subjects we haac to dc il with, either as practitioners or teachers 
The reason for this is obaioua Not aery long ago the basis of all therapy 
was empiricism and empiricism onh Then followed a pcrirHl ui which 
mctaphisiial reasoning rtplacid cmpincism giMPg rise to the dcaclop- 
ment of schools and not mfinpicnth of inedual sect some of which 
still survno c\on m this period of seientitic enlightenment It mav lie 
added that even now now ccts are an in,, and possiblv will coutinue to 
arise as long ns human cr<.d«btv Minisc 

TolIowiDg this inttnpli'sic «1 period we meet with a mo»t interesting 
thcTupeiitical manifestation tint of medic il iiilnlism. Tint great dim 
cian, Skoda for instance b<lHie<l so little in drugs tint ho treated all 
his typhoid fotr patients b> gm«g them sin ill ilo'cs of a wcik poUition 
of alnm Tint on the other hand h( was llie first to pheo auscultation 
and pcrciisstoii upon a pln«tc»l h> •< Tor him then thero w is no lonct 
of thcrapcu is nlfhotigli tb»n was m’iciicc m penai ion and luscultntion 
Ihc mhilistit tindi iicj still ha idhi rent , although tlicir numl'cr is small 
and cnn«tantl> growing smaller 

ComparatiicU rcitntK Ia1 >rittrics licgan to play n am important 
nic rhysiolo^i imthologv dnroi tra micra-eopN nnd plnsics as 
applied to incilicinc wen l>cing dnclopeil and theontical thfrapcutic 
problems were solved l\ lihoraton methods whicli in turn of 

them elves have liecmno i fiii h 

^Ivreovcr then* was mux larefni and aecuntc o\i>ervation of disei e 
Hut the ron t ennspienous and important eontnbution ti our thcraneutie 
knowlcilgr m this ionii(s.tion csmsi tial in the neetptaiici of phvsi< logieil 
effects of drugs and thiir dilennimtioii With this to gn upon inrslic-il 
thera{>eusi8 risxivtsl a great and fniitfiil impetus. It mav I* sifdv Mid 
that this was th< K^niiun.^ if •snntifii mislicil tlicnjKU is fir the 
first tmii It was po ihle to ciuni to a ihernpnilie eonclu iin which wj« 
s< It iitifii 111 a tni a ure the result of ol i rration plus n ivnung 

If We now ct me to our pn-sint dav nt m a n markable stati of affairs 
Not only have tin therapvulies <.f to-d n luvn diTiloj>eil I'cvonl anvtbin^ 
is 
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could have been hoped for txienty five years ago, but \ istas are being 
opened which promise advances hoped for onlj m some dim future state 
And yet, if we reflect, the time had come for great and radical advances 
in this line The branches of science already mentioned upon which 
treatment is ba ed bad developed to a degree that seemed incredible, and 
each advance was eagerij seized upon by those who were prepared and 
ready to apply this development 

Therapeutics, therefore, is beginning to tahe a place with the other 
branches of medicine, in as far as its scientific status is concerned That 
therapeutics will ever be a pure science seems, at present, out of the ques 
tion But the fact that it is what it has developed to be leads us to 
believe that it is as jet in its infancy 

The great advances that can be recorded in our period are found in 
proph-ylavis and causal or specific therapy 

In prophvlatis, e'peeiallv in infectious diseases, results are obtained 
vvhich a short time ago would have been considered impossible The 
greatest enthusiast would have deemed it incredible, for instance, that 
the day would ever eomo when Havana would quarantine against Key 
West in jellow fevor Many other instances could be cited m which 
modern prophvlaais has prevented the spread of disease and the develop- 
ment of epidemics Indeed, this is now so common that very little ado 
IB mado of it Much more remarkable, however, is the rendering earn 
tnry large tracts of land winch were uninhabitable before, thus giving 
more and bolter chances for life and health to more human beings 

As wonderful as this seems, the greatest advance made m therapcusis 
has been m causal therapy We arc no longer solely guided in the use 
of drugH hj their physiological effect^, but demand effects upon patho 
logical states and conditions m this wiy coming nearer the cause of 
things and frequently removing it The treatment of specific causes by 
specific methods of treatment is especially notable at the present time 
Formerly there were two specifics mercury and qumia At present 
there 13 a large number m infectious diseases, in the form of vaccination 
with virus from animals less susceptible than man, by vaccinating with 
small numbers of bacteria from violent cultures, by injecting dead 
bacilli and bacterial products and sera Relatively still in their infancy, 
these modes of treatment have already changed the therapeusis of infec 
tious diseases. 

Furthermore, there has taken place a revival in the use of physical 
measures, which have proved themselves very valuable in the light thrown 
upon them by modem modes of investigation I refer here to hydro 
therapy, balneology, massage and gymnastics, mechanotherapv, electro- 
therapy light therapy, Roentgen ray therapy Nutrition and dietetics 
have been put upon a scientific basis, and psychotherapy is being applied 
in a rational way for definite pnrpo es. One of the recent additions to 
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our knowledge, and one winch promises mach for tliorapcusss, H phjsical 
cllemlstr^ adding to this li^t of subjccJi toxicoloir', organotlicrapt, 
and cliroatology we ln\e 'in enumcratioD of the meins applied fo the 
treatment of diae3«e, eiocpt of that due to direct medication If wc 
except tins, which it ecini d to me rc-quired no e pecial mention or spice, 
ns it IS di cuasoil and de cnbed throughout the hook, we hive snhjects 
that have a hioid general bcirmp to fliat I hive grouped Iheui together 
under the heading of Genera! Therapj and gnen the whole of the first 
volume to their discussion far as I know this was first attempted 
m the ‘Ilaiidhucli der allgememcn Thcrapie, edited bj H vun Zienis«cn 
in 1883 It would seem to me that the grouping of these subjects is 
invaluahlc as forming a foundation upon which the whole of thcraptusis 
maj Ih, built up Ivot alone is this the ca c but thev sene to bind tho 
various subjects together The practical value of this division lies in 
the fact that the general therapeutic measures aro fiillj described and 
reference can lx, made to them 

Having then made ono division of the whole subject we follow the 
Oennans and mike a second that of special tlicrapv which tucindcs the 
treatment of all diseisfs vvliuh arc ilassifiod us belonging to internal 
tncdiciiie Hero it is not onlv tli< mitmeiit of u {locial disease but also 
the special treatnunt of i spo* lal patient which makes the subject one 
beset with great difTiciiltics a« vvill us of tran«*tudent interest As a re- 
sult of the comploxitv of the subject it will U reidilj «ccn that there is 
no branch of medicine whuh mi\ not have soim U anng on special treat 
inrnt, this applies to anatomv phvsiologv, phv icv chemistrv, pnhologi, 
svmptomitoloto, plianiincnlogv t mention onlj the most important one 
forvover, tlic mutual n Iitions <*f iiiUmal imnlirine to other dcpirtments 
such as surgerj and thi various s|hs lultns mu t be con<id< rcil In tbe«-L 
davs of iniiltiplication of spetialtic^ internal tn«licine it elf mi\ lx* over 
looked, so that onlv a part of llu condition and not the vvholi is tmled 
Ihc fact that a prescription is iht last act in a long piwess of reasoning 
should uivvajs bo biriie in mind 

Hu. pmsiriptioii should not U written until cvcrvthing which Ixars 
upon the coiulitinii of the piticnt hvs bvxn cnnaidcnsl It is ncees^arv to 
miki a diagnosis whuh inu»t iiHliidc pvthobgv and pithegciiesi« this 
esiK-cnll} f( r causal trcntroint llie svnnptomilologv mu t lx? eirifiillv 
mvistigatcsl as in maiiv instane*s tin nlief of viuptonis is all that can 
1x3 done or all tint should be dom The ihi rapeiitic me isnn-s to lx taken 
vliould tlicn bt ditcnnim-d if druc* tin «, tint fulfill the ludieitioris 
should Ixr chosjn In ivirv cas© the individtul clnnutin ties of the 
piitiint should be etudicvl ^\lKn all this his bexn done Uic pitictil is 
veadv for Ills pro cription 

It IS in this spirit tint the vanou enijects comprising the work have 
Ixxn trentetl hv the ctuitributors. >Tvrvthins that has Ix-anug uj in 
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that could have been hoped for twentj five jears ago, but vistas are being 
opened which promise advances hoped for only in some dim future state 
And yet, if we reflect, the time had como for great and radical advances 
in this line The branches of facience alreadv mentioned upon which 
treatment is based had de\ eloped to a degree that seemed incredible, and 
each advance was eagerly «eized upon by those who were prepared and 
ready to apply this development 

Therapeutics, therefore, is begiumng to take a place with the other 
branches of medicine, in as far as its scientific status is concerned That 
therapeutics will ever he a pure science •seems, at present, out of the ques 
tion But the fact that it is what it has developed to he leads us to 
believe that it is is jet in its infancy 

The great advances that can be recorded m our period are found in 
prophylaxis and causal or specific therapy 

In prophylaxis, especially m infectious diseases, results arc obtained 
which a abort time ago would have been considered impossible The 
greatest enthusiast would have deemed it incredible, for instance, that 
the day would ever come when Havana would quarantine against Key 
West m yellow fever JIanv other instances could be cited m which 
modern prophylaxis has prevented the spread of di»ca«o and the develop- 
ment of epidemics Indeed, this is now so common that very httlo ado 
IS made of it ilnch more rcmaikable, however, is the rendering sani 
tary largo tracts of land which were uninhabitable before, thus giving 
more and bettor chances for life and health to more human beings 

As wonderful as this seems, the greatest advance made in tberapeusis 
has been in causal therapy Wc are no longer solely guided in the use 
of drugs hv their physiological effect**, but demand effects upon patho 
logical states and conditions, in this wav coming nearer the cause of 
things and frcqucntlv remov ing it The treatment of specific causes by 
specific methods of treatment is especially notable at the present time- 
Formerly there were two specifics mercury and quinia At present 
there is a large number m infectious diseases, m the form of vaccination 
with virus from animals less susceptible than man, by vaccinating with 
small numbers of bactona from violent cultures, by injecting dead 
bacilli and bacterial products and sera Relatively still in their infancv, 
these modes of treatment have already changed the tberapeusis of infec 
tious diseases. 

Furthermore, there has taken place a revival in the use of physical 
measures, which have proved themselves very valuable in the light thrown 
upon them by modem modes of investigation I refer here to hydro- 
therapy, balneology, massage and gymnastic**, mechanotherapy, electro- 
therapy, light therapy, Roentgen ray therapy Nutrition and dietetics 
have been put upon a scientific basis, and psychotherapy is being applied 
in a rational way for definite purposes. One of the recent additions to 
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our knowledge, and one wkicli promises much for therapeusis, is physical 
chcmi«trv By adding to tins list of subjects toxicology, organothcnpj 
and climatology we have an enumeration of the means applied to the 
treatment of disease except of that due to direct medication If we 
except this, uhich it seemed to me required no especial mention or space, 
as it is discussed and de cribed throughout the hook, we liavj subjects 
that have a broad general hearing so that I have grouped them together 
under the heading of General Therapy aud given the whole of the first 
volume to their discussion As far as I know, this v. is first attempted 
in the “Handbuch der allgemeinen Tlierapie, edited by H von Ziemssen 
in 1883 It would seem to me that the grouping of these subjects is 
invaluable as forming a foundation upon which the whole of theripeusis 
may be built up Not alone la this the case hut they serve to bind the 
various subjects together The practical value of this division lies m 
the fact that the general therapeutic meisures are fully desenbed and 
reference can be made to them 

Having then made one division of the whole subject, we follow the 
Gormans and make a second that of special tborapv which includes the 
treatment of all diseases which arc clasviBed as belonging to internal 
medicine Here it is not onh the treatment of a special disease but also 
the special treatment of a spccnl patient, which makes the subject one 
beset with great difficulties as well is of transccudcnt interest As a re 
suit of the complexity uf the subject it wiU be readily seen that there is 
no branch of medicine which mav not have some bearing on special treat 
inent, this applies to anatomv pbvsiologv physics chemistry pathology 
symptomatology pharmacology to montion only the most important ones 
Sloreover the mutual relations of internal medicine to other departments, 
such as suigerv and the various spcciaUicv, must be considered In these 
davs of multiplication of speciillits internal medicine itself may be over 
looked, so that only a part of the condition and not tlio whole is treated 
The fact that a prescription is the last act m a long process of reasoning 
should always be borne m mind 

The prescription should not be written until everything which bears 
upon the condition of the patient has been considered It is necessary to 
make a diagnosis which must include pathology and pathogenesis this 
especially for causal treatment Tho svniptomatolo^ must be carefully 
investigated, as, in many instances the relief of symptoms is all that can 
be done or all that should be done The therapeutic measures to be taken 
should then bo determined if drugs those that fulfill the indications 
should be chosen In every case the individual characteristics of the 
patient should be studied When all this has been done, the patient is 
ready for his prescription 

It 13 in this spirit that the various subjects comprising the work have 
been treated by the contributors Everything that has bearing upon 
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therapy is considered, 'ind, is the subjects differ so niiicb, it amH readili 
be seen that uniformity could not be attiined Under all circumstances 
the pnmirj object is to iliumixuitc the subject of treatment and to give 
all that is known or worth knowing, ind tlie irork is primarily written 
for all those iiho Mish to be informed of the details of treatment of dis 
ease, even the smallest ones 

Prescriptions ire gi\en in the text when found necessary , first, on. 
account of showing hoiv the drug is best administered, secondly, the 
qiiantitj of drug to be given and at what intcnals Tiie days of formul'B 
are not oy er, and all of us it must be confessed, like to emplov a formula 
which has been recommended by a competent obsencr All doses of 
drugs, as uell as all prescriptions, are given m apothecary’s weight and 
m the metric system 

The authors yvho hire honored me by writing were cho®en because 
I considered them thoroughly equipped and best able to yvnte upon the 
subjects assigned to them Their names and their reputations are a 
guarantee of the quality of their work 

I wish to express my especial thanks to Drs William ^Vbem and 
Joseph 0 Colhas for assistance given m the arrangement of the o 
subjects 


F FoaciiuEiMEa 
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PRINCIPLES OF 
GENERAL THERAPY 




CHAPTER I 

S03IL PHliSICOCnFSlICAL PRINCIPLES IN TIIERAPr 
^IaBTIV 11 >1SCUEB 
ReMSED B\ alter \\ PAiilER 

It 18 safe to sav that the wHimatc teat of everv leaching in medicine 
and surgery lies in prognosis and thcrapj A correct prognoiis means 
that understand the course of the di ca cd proci.«s with tvhieh we are 
dealing, It 18 favorable if we are able to retard, stop, or reverse the senes 
of physical or cLomical cliangis that have placed a patient in the di«ea«cd 
state in which wo find him, or unfavorable if wo arc unable to do this 
A successful therapy means that we not onlj understand this matter of 
prognosis but also that we have at our disposal appropriate measures 
bv which we may retard, stop or reverse the courso of the disea cd 
process 

Wo like to bciavc and aim to make our therapv rational Through 
tho ages there Invt come down to ns the results of the ob'crvations of 
many men who seeing that a di cased proce s was modified, sav through 
the Iftjing on of hanils or throng tbo cunsumptioii of seaweed have 
recommended such proeeilures 8ultee<putith to patients similarly afRictcd 
Sudi therapy is not rational but empincal I5ut juot bccnn«c it is cm 
pineal it IS not to lx? despi col A therapeutic procciluro that brings good 
results IS iitvir to U dispi<o<] it iisuilh lucnh nprc'cnts the phe- 
iiomeiioii of a pmctieul result that his betii attained sooner than the 
interpretation of tlu nmliani m of this result, to nluni to our 
illustration we rrcognize in the laaing on of hands the psechothempv 
of to-d«v and in the administration of vai weed tlie consumption of 
lodids 

3 
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/ Put, while we imj not <lc>»pi«e uii\ ^.<^*(1 tliirniicutic proccdiiro ju«!t 
1 kxiii«c it IS empiric il, we lu\e o\cn nn on (o cUnpiso tlie inndern flier 
npi«t who cmplo^s the empiric il nutliod where i nitioiinl one is at hand 
or who employs the empirieil method m the hoj>o of winniiipj therein 
new and valinhle nieina of oomhitiii^ di ei o Such nnj risuU, hut the 
methods cmploeid are unecoiimnic i1 So, in<t( ul of e’clmi‘'tinj, n plnnnn 
copcin and the time of a hundred workers in treiiip to find a cnrntno 
apOiit for nnxeileina it la Intter to uiiderat ind the plnaiolop\ and the 
patholojncnl ph\siol<)"\ of the th\roid plaiid, and then the iKiieficcnt cf 
ficts of the ndmini tnition of lh\roid p:Innd c-ui nlinoat lie fold in adenna 
hat wo hue jn t illiiatrated In refereiue to nuxedema holds tnio 
for ill our tlieripa whether we would practice, os far ns po «ihlc, a rn 
tioiial fhcrapa now or whether wo are intere«tc<l tn tlio nehancement of 
tliia hr inch of nuilieiiu \\t i^iore the fact too compleftlv in meelicinc 
that a ritiniinl tliirip\ cm It ImiU onlv upon a ritionil pathnlo{r\, anil 
fliat a ration il pitliolo^ is impossible without a knowledge of plu<iolo?\ 
Plusi<il(v\ wlmh ih tod u a niero pirjroale, will ^ct Itcome the kc> 
stone of a moele rn medicine 

\\ Ilf 11 w( h uo naiired tlie«e simple truths for the ^ohI of llie derol 
opnniit «)f i euntitic therip', wi n«d mxt to npjireciitc the fact tint 
the unit for ceinsideration iii plu iol<v\, and «o m pilliolo,.\ and tlitriju, 
IS the cell \8 wc on prattioal nun m mediciiu wt aro likch to lo e 
siglit of this fiet or to fake owption to it and set tlie most pricfieal 
man as wo «lnll see, will heeel the pli^siologj of the cell most The 
reisons for tins are obvious 

Witn a man fills ill, \<e the can«e what if ma\ lio does not do tins 
all oaor Onh iiidnidud parts of the l>od\ ina\ It* ntTcefed or some 
parts of the boih are afTccted Mwntr or more mtin el\ than others So 
a man m u be poi oJie*d li\ an infextioii and this penson nia\ kill his heart 
mu«ele cells, in con equeiite of which tiu rest of his liod% cells then die 
for because the he irt lias faileel no oxc/cn is supplicel the nmainiit,. 
tissues of the bod^ Or (hnm^h a ripid loss of earlion dioxid from 
the liod^, tho cells goicrning respiration in the medulla are no longer 
excited to actuit^ and «o tho respiratory moeeinents ceue tlie blood is no 
longer oxx„cnafc<l, and the rest of the liodv cells die because fhc^ arc 
deprived of oxvgcii P e coii/fl guc similar illnstr itioiis for the Jn er or 
the kidnexs, or flic tlnioiel, or am other orgin of tho bod\ It flic 
injury to cerrun cells in cich ci e that funiishes the chnrictcnstic signs 
of am pTthologRil enfit\, and if this injury or the eloTfli of these cells 
removes a condition ujion winch the life of cells in other p irts of the bodv 
depends, then these too die And «o the whole body mav die Tho 
induidual cells of a multicellular organism aie like the oidiiinry amebx 
only m the complex organism certain functions (po» es cd also bv the 
ameba) haee been especially dextioped and predominantly assiimeel b^ 
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groups of these cells IhcaC iimc,tiuu<( tome to bt of particiilir ini 
pirtaneo only because thev In^c Ibi9 ch'iracter of exercisiUj, n function 
upon the proper cxtciilioii of wliicli the renniiimg cells of the complex 
Ixxl^ are dependent (respiration, cireulition) 

In a complex organism we therefore distinguish between a 

general ph\siology (common to ill cells) snd sii organ or special ph%«iol 
ogj A\lun we remember thit such organ or special phjsiology carcelv 
t\cr represents more than an imiisuilly pronimcnt development of some 
function of general phjaiologv the necessity and the predominant im 
i'ort'iiue of the geiieril phjsiologv of the cell become msnifest 

These remarks will erve to show why, in our disciiesion of certain 
therapeutic principles thit are of aervice m dailv practice, wc find our 
selves beginning with a diseuasioii of the bohivior of the iiidiMduol cell 
To bo familiar with the effect of various cxtcnul cuiiditioiis upon the gen 
-ral behavior of tho indi\idual eoll is to be familiar with the behavior 
of these same conditions upon greuips of cells, and if such groups of cells 
(an orgin) iro part of and determine the bchivior of ytt other groups 
of cells 111 a complex or^tiiism to K fmiiliar with the action of these 
external conditions ujion the individual cell is to be familiar with their 
action upon tho orgiuisni as a wliolc 

Hence tlio importance iiml our intirevt in the phvsicoclicmieal consti 
tutioii of the individual cell An understandiii^ of the mo«t specialized 
therapeutic procedure is almost invariably dependent ujion such a knowl 
ed^o of tho coll 

So wc hflll find the lioliivior of ar pliuiuitiuo to U but a briliimt 
illu tratiou of the wiy in which a therapeutic igent distributes it elf 
luuipnlU III iwiiii two cdN (spinx hiti and l>Hh eelt ) tin aetion of tlic 
cvtlurtia salts but tb* thoraiHUtu ixpn <imi of the 5,eiieril effects of 
such salts iiixiii all ihmt and anitiial protoplasm 


THE GENERAL CONSTITUTION OF LIVING MATTER 

Tlie In mg matter of which all cells are compo^Ld need? from a 
tlienpiutic 8taiid|Mmt to bi con ukred from the simc vnwjwint as its 
pbv ioK)t.v, naiinly, from a punlv phvsicochoinic-il one Ultimate pnii 
ciplcs of theripj mu t be jhv icoihinm il m clnricter 

In our ijH'ctal di cu<si(m wi shill deal but little with the purely 
clii luiial usjjotts of the con titiiti m of living mitlcr It is enough for us 
to nmonil'er that the varKnii tltiiiiH il constituents of thi living cells are 
oasik gnnipid under the gciural headings of tin prntiiiis tin cdrUihi 
driife till fats the alt iin I water Hut the biological si^.mllcane'C of 
the purelv ehemieiil attributes of the « clas'cs of oeimj'oiinds se-eins at the 
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present timo in onr scientific proj^ss to stand hr^el^ behind that of 
certain ph\sicochtinicnI ehnraclcnatics posses ed b\ tliesc same substances, 
and so ^^c find it coinenunt to regroup the e chtimcal entities under the 
headings of the ro//nirf t the eri/tlalloid ^ aw! ualer '\\c will consider 
these seriatim, for in a corNct nndcrstatiding of their ph^aicochemtcil 
bohaaior arc concealed the principles that govern much of our modeni 
thcrapv 

The Colloids — The Imik of lirmg matter is made up of colloidil 
material It will not surprise ns, therefore, to di«co\tr that the liehavior 
of colloidal material is identical with much that vre consider characteristic 
of living matter 

It 13 now more than fiftj vears since Thomas Graham recognized 
that different chemical suhstancts difTcr greatlv in tfie^rate with which 
the} diffuse through solvents of various kinds On the basis of this 
observation he made a distinction 1 h tween tlio«c which diffii e «lowlv and 
tho«o winch diffn e ven rapidl} As the formir are for the most part 
amorphous and since onluiarv glue is an example of this class, lie called 
them colloids The group that diffuses roadih he called crvstalloids, 
for such beautiful crvstallino substances as cane sugar, onlmar} salt, and 
urea ore found in it 

Since Grahams studies, wc luve Ixxxime familiar with further char 
actenstus of colloids and crvstalloid* Crvstallnids are ordinnrih stated 
to form true solutions This colloids do not— tlio} form pscudowhitions, 
that IS to sav, tlicv simplv remain suspended m the solvent Colloidal 
aoliitiona are, therefore, not homogeneous but heterogeneous, in their 
make-up 

Solutions of crvstalloids show an osmotic pres nre which is proper 
tional to the number of particles of dissolved sub tance in the unit vol 
urae of the «olveiit Upon this fact and the iiumitiness of the di<««olved 
particles depends the diffnsibilit} of the crvstalloidii Tiie most tvpical 
colloids, on the other hand show practicallv no osmotic pressure, and 
corre«ponduigl} do not diffu e at all 

The enormous differences in osmotic prraaiiro between crvstalloids 
and colloids correspond to similar differein-cs in the molecular weight of 
the fiiibstancos composing the two groups The inoIecnJar weight of the 
most pronouncodh colloidal bodies ma} Ih5 measured ui thousands, while 
two or three hundred covers the weight of cr} stalloids, even when ver} 
complex organic compounds arc contemed The table on page 7 taken 
from Rudolf Ilobor shows this verv well The figures refer to 10 per 
cent solutions of the various substances 

Crvstalloids can, moreover diffu t unintcmiptcdlv through colloidal 
membranes, such as animal bladders intestines, sheets of agar agar or 
gelatin Colloids are for the most part unable to do this Upon this 
fact IS based the principle of dial}sis, m winch cr}stallcuds ore separated 
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from collnida bj placing the mixture in a tube of pirchment or an am 
mal blnddir and hanging the whole m water or some other sohent The 
crvstalloida diffii e out, lea'Pin„ the colloids behind- 

It mvi«t bo stated, at once, howextr that betwetn the two eTtremes of 
the hpical colloids, and the UpicU crastalloids, there n found an in 
finite number of substances which Umi more or less strongly toward one 
side or the other It \s possible, fur example to obt'iia in a crjstaUme 
form curtain alhunims which mai ordinariK be tahen to repre ont our 
most tipiesl colloids Ey; albumen mav b«' obtained in such a state and 
tlio plnaiologicfll chemist is rareh satishid with a hemoglobin that is not 
beautifullv crjstallino On the other hand eompirativelv simple bodies 
sueb as silicic or tungstic icid arc found m the group of our mo t rep- 
risrntstiie colloids The c few fo«ts will suffice to show that no bird 
and fast line can bo drawn between tbc colloids on tbo one hand and the. 
cnstalloids on the other 

It should bo ck'irl's undcrshHxI that while we ipoak of colloids and 
erjMalloids and therefore an seommglv classifiiug substances we ought 
mill to spcik onh of the eolhudal and the crN^talloidnl stair Our 
familiar u«o of the terms colloidal and crjstalloid has grown out of the 
fact that cortun chemical c'ompmnd* are be«»t known to us in the col 
loidal state, while othirs we «ci almost always m a crj tnlloidal stite 

a matter of fact it is prohihli anft to a sumo that an) sulwtimcc nnv 
bo oltiined in a eollnidal form tien Uio^e simplest and most tvpical 
cri tilloids the clilorids of the larioua metals That man) t>pical 
colloids mav on the other hand he obtained in errstsllino form la e\i 
dtnecd almost daih hi tho oier growing list of biologic'd products lon„ 
known to us oiili in the form of amorphous powden mucilagra and 
sirups which chemists arc obtaining in enstalloidsl form The«o con 
si'lerations are not without Inoli^cal sigmficsnoe for a chemical sulv 
stance in a colloidal form msT and ii nail) doc* po« e«s entirely dilTcrent 
properties from tho same rhcmical snb^aneo in a cnstalloidal form 
\ A "Noies distimniishes lietwron those colloids winch are viscous 
gclainiinng an I not rcadih cosgulited b\ salts and time which are 
nonii snts non grlstmizmg and reidili coagulated bv salts. To the 
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former of tlic«o groups Wongs, for cTamph, a Wntioii of gelatin, nlbu 
min, globulin, glue, or <Iixtriit, «hilt in tlie litter miglit 1)0 mentionetl 
tlio colloidal solutions of feme Inilroxid, nliiiniimitn Indrnxid, \arious 
metallic sulpliids and lumo,,lobni Ptrrm (listiiigiiislu s lictwceii tlio c 
colloids which in tin «olid stale an rich m wafer and those wliitli 
are poor The fnrnur of the so Ptrriii disipntes ns Indrophilit colloids, 
for the litter tlu niine Indrophohic collo ids has toLii suggested ior 
the purpo es of hiolo,^\ thee tiriiis art e’ccilleiit, and iii lirgc pirt 
adequate Tor tlic purpo es of ph\«icil iheiuisfri in gciicnl the^ havL 
the dnwbiek of not 1)0111" siifliciriitU Lroid ^^^t(r is not the onh 
snhciit tint nn\ form the hi c of a eolloidil solution To meet this 
objection Ilerlxrt IrLundiuIi has propo ed the name Uophilic colloids 
for those which show in iiituuite itlationslnp to thiir solvciit, wiiuc 
fho 0 which do not do this ire cilhJ Ixqpbiib ic 

Molfging O tw lid who has tikeu a iiiliinhle step forward in the 
proper oli«sifif ition of tin lariniis colloids, dntinguishcs lietwrtn the 
timilsinn colloids and tlic 8 u*>|»cn 3 ion colloids the former of which repre* 
sent colloid il solutions fnrmid through niixtiirc of two liquid plia c«, 
the litter thrnu,.h imxtua of a solid with a liquid phase A separation 
of the two phases is ditheult to obtain in the emulsion colloids, which 
correspond it %\ill In soon with Nokss fir t group and Pcrruis Indro- 
philic colloids wink tlu rcadi separition of tlie pluses in Ostwalds cc- 
otid group brings to mind Noies’s second group, and the hidropliobio 
colloids 

IVlion we rccill that the hidrophihc colloids which ha'C thus far been 
accorded mo«t studi — gclitin, dextrin, starch p.Iu(, Mgitihle fiber., nl 
buinin, gums — an for the most pirl, dirind from Inologienl soiirti*, 
tlieir probibli importiucc to tin Imm, aninul or plant must at nnee Ik; 
suspected Not onh is the chief ini's of the Iniiig organism huilt up 
of collouhl material but most of it Ixlongs m the Indropliilic group 
We shill not be surpri«<d in consequence to find tint tiio e phisieochein 
icil characteristics which mahi for the diiision of all colloids info two 
great classes will show themsihci of importance in determining the bio- 
logical bclianor of the tissues 

hccenth, I^eb has contnlnifeil to our understanding of the colloidal 
behavior of proteins nio«t valuable and interesting, inform ition He has 
shown that proteins mav be looked upon as nmpliotcric clicfrohtcs, capi 
ble of combining stoicliiomctncallj with acids and alkalis to form salts, 
depending on the Indrogcii ion concentration of the protein solution 
Ihcse protein silts are «trongh h^drohzed In this respect, the cheni 
istrv of protem does not differ from tlic chemistrj of crystalloids On 
account of the large size of the protem ion and molecule, diffusion through 
membranes is difficult, while the reverse is true of the small crystalloid 
ions Donnan has slioivn that ■when a membrane separates two solu 
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tions, nue of which injj contain ft non-diffusiblc inn mixed with ea«ih 
diffiisihlc ions there 11 an niirveii distribution of ions, such that the. 
products of the 10ns on opposite sides sre the same This unequal con 
ccntration of crystalloid ions on opposite sides of the nienihrane gives 
rise to potential differences lioeb Ins shown tbit when protein 13 the 
iion-diffusihlc ion in the pre eiice of easily diffusible crystalloid 10ns, the 
conccTitratiou of the latter is always greater within the protein solution 
than in the snrroniiding solution and explains in large measure the col 
loidnl behavior of the protein solutions He Lis been able to calcnlitc 
with coiiBiderablc acenr icy from Donnan s equilibrium equation the effects 
of {Icctrolytes on osmotic pressure, swelling and nseositv of proteins 

The impyrtmcp of this conception of colloidal bthaMor cannot be 
overestimated It suggests ney\ mitlioila of approach to the study of 
such pithological procc scs as edema, m tho hopes that a better under 
standing of the condition may Icid to more rational therapy U«e of 
the principles evohed should brin*, forth most interesting information in 
the fields of phyaiolopj hacteriologv and immunology 

The Orystalloida — The ervstdloids mav !« dmded into tyvo greit 
groups, the eleclrolyles and the non tUdroJylts T\c shall find that tho 
cbaractcnstics that make such 1 division possible in the riilm of pure 
physical chemistry il 0 distui^ish the biological behavior of these two 
groups from each other 

Substances which when dissdvid m water (and certain other sol 
yents) conduct the electric current arc knowu is t'ltclrohj(t$ those which 
do not do this as non electrolyles \I 1 the acids bases iiul salts (par 
ticiilirly the stronger aoid« the stronger hiscs and the salts formed by 
thoir union) arc electrolytes while the rnrious sugars nrci ethyl ilco- > 
hf] glycerin etc , are familiar non-oIectroKtes 1 urc yvntcr (practicilh ) V' 
docs not cniidiict electricity Ni ither yvill it do this ivlicn such a substance 
ns dextrose or ethyl alcohol is di “olyod in it Rut the water conducts 
yvcll as soon as any electrolyte smli as sodium chlorid is added to it 

The effects of cleitrieify upon the living body yyhether for good or 
ill an. possilik only Kcan«» hying nutter contains various electrolyte 
All therapeutic chctricil effeefa arc rendered pos ible brcnii«c tho hod^ 
contains oloetrolyti s 

The clecfrolytis Uhaye as they do yvhen disvilvid in wifer l>ccius< 
in this solyont they arc ehctiwlytiralh dissociated The ntonis and 
groups of atoms tbit arc the prodiiet of such di violation are eh'ctricilly 
charged (lunin diffiritig from thi ordinary atoms) and are known as 
loa* Thus ahsolufily pun nitric arid (contnimng no yvatcr) Ox's not 
conduct the ilixtnc currriit iinr will it if it is di«solyeyl in soinc solvent 
tint docs nit Icid to an electrolytic di suciation of the acid This is 
liccuist* iimhr Ihcst ciniinistane(.s only the uideciilcs (lINOj) of the 
acid are present I ut kt water U. addl'd to the nitric acid, and this at 
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former of tlast groups lieloiigs, for cxamplt, n eolutioii of gelatin, ulbu 
mm, globulin, ginc, or (Uxtriii, wliib iii tlie bitter iiugbt be mentionej 
the colloidal solutions of firric Indroxid, niumiiiiiim liMlrotid, vinous 
metallic su!plu(]« nml bi mo^loliiii Pirriii clistingui'iln s l)ct"ctii fboac 
colloids wliicli ill tlic Bolid sfaft art rii-b in wafer and those which 
are poor llie formir of tlnse Perrin d<«!giinfr« ni Indroplulic colloids, 
for the latter tiu name h.\ droplinb ie colloids has fx tn suggcitcd For 
the piirpo es of binlo^\ tlnsi tenin art rTcelleiit, and in lai^ part 
adequate For the purpws of plnsical olifinistrs in gcncnl thej ha\t 
the drnwlnck of not king siifiicieiitls broad ^\'lter is not the onh 
t-oheiit tint nn> fonn the hw of a colloid i! s'llution To nicet tins 
objection Iltrkrt Fruiiidiuli lias proposed the name Ivopliilic colloids 
for those whioli show" an iiilinnti itlntioii Ijjp to their soiinit, ^iliilff 
those whicli do not do this are calkJ hoplioL ic 

^\olfganp, O twild, who has taken a Milnalde step for^^a^l m the 
proper c]n«‘>ifi(ation of th< sariotts colloid's distjnguislies Mweeii the 
emulsion colloids and the «iiaj>enaion colloid* the former of which repre- 
ent colloid d solutious fonncsl through mixture of two liquid plia«i«, 
the latter through tniatiin. of a «olid with a liquid phase A separation 
of tilt two phases Is ditncnlt to obtain in the emulsion colloids, which 
lorrcspond it will bo seen with ^o^^as (ir t group and Pirnns h>dn>* 
pliilic colloids while th( r<ailv scpiration of tlu phases m Ostwolds sec- 
ond group brings to mind No\csh sciviiil group and the Indrophobic 
colloids 

■\Vlicn we recill that ilit liadropliilic colloids whith ha\e thus fir Iwti 
accorded most stud\— gelatin, dextrin, slnnb glue acgefable fiber*, al 
hiimiii, gums — arc for flit most pirt dorueil from hiologieni sourn , 
their prohibit iinportancc to tli< living animal or plant must at once Ik 
giispcctod Xot onlv is the cliitf mi 3 of the living organism built up 
of colloidal niitcrinl, but most of it k longs m the livdroplnlic group 
We shall not bt surpristd in loiiscqiicncc to find that those pbvsicochcm 
icnl characteristics which make for the division of nil colloids into two 
great elassts will show themselves of importance m dtterraining the bio- 
logical behavior of the tissue* 

Recontlv, Ixiib has contributed to our anderstandm^ of (ho colloidal 
behavior of prottiiis most rnliiable and interesting information lie has 
shown that proteins mav be looked upon as amjihotcrit ckctroljtes, capi 
l)le of combining stoicbiointtritallj with acids and alkalis to form salts, 
depending on the h\drogcn ion concentration of tlit protein solution 
The e protem salts art strongly bvdrolvzcd In this respect the clicm 
istrj of protem does not differ from the chemistr^) of crvstalloids On 
account of the large size of the protein ion and moltciile, diffusion through 
membrmes is difficult, while the reverse is tnie of the small crystalloid 
Donnan has shown that when a membrnne separates two solu 
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the electrohte maj be ontirclj the sum of the effects of the eparate ions 
that are jieldcd ou dissociation 

Water — The water found in living matter and m the media sur 
rounding living matter owes its great physiological importance to its 
solvent properties The i arious chemical reactions that are characteristic 
of and necessary for the maintenance of life arc rendered possible by 
this means, for the sohent properties of water make it possible for the 
dissolved substances to be brought m contact with each other Water 
dissnhes not only solids such as sugar or salt but liquids, such as 
alcohol, or ^ases such as oxygen or carbon roonoxid The solutions re- 
sulting therefrom still possess man\ of the ordinary phvsical properties 
of water, hut new ones also appear which depend upon the quantity and 
tbo character of the substance disolved Rut the previous state of the 
dissolved substance is of no impirtancc the resulting solution is the 
same, for example whether we idd to water a certain weight of alcohol 
m the liquid state or in the ga«oou3 state 

AVo ordinarily think the wat<r in protoplasm to ho like the distilled 
water contained in a tost tube in tin. labontorv This is largely true, 
hut not entirely true The water contained lu living matter has the prop- 
erty of dissolving, solids liquids and ga«cs ns has our erdinarv water 
But tho state in which the water is found in the test tube and m living 
matter is not entirelv the same The water found m tho body exists 
almost wholly i n ^ho form of hn/lmfioH wat er that is to sav tho wate r 
forms tt compound with protoplasm This is true not onlv of water 
tuund in cells but even of tin water found in the blood and in the 
lymph Lncomhined fret water analogous to the distilled water m 
cur liibomtory test tube la foaiid onlv temporarily, and in small qtnn 
titles, m the living aniiml As soon os it appears it is excreted We 
shall sec how important is this distinction between hvdration and five 
water in the bcnlv os we proccnl The niamlcnancc of all secretion de- 
pends primarilv upon the obtaunne of free water and, as tho elimination 
of all poisonous prodiuts from the liodv whctlier formed lu the normal 
metabolism of the bodv or introduced from without (arsenic poisoning), 
or maiiufiictnred in the bodv in con equcnce of tho introduction of a 
pathogenic or,,auisin into it is crondnrv to such a scxrction of water, we 
shall sec bow important lUc c physieochemicil facts arc from a tlicra 
peutic standiwuit 


STANDARD SOLUTIONS AND COMPARATIVE METHODS IN 
PHARMAC0L007 

Owing to the fact that many of the chemical materials u cd in then 
pcutics represent mixtures of many enhstanccs (a«, for example, the 
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once (li^ocintcs into its tvo ions (H niid XO3 ), whicli carry posi 
tue and iicgntno clmrgcs of electricity In nn entire!) similar y\av su! 
rhiiric acid dissociates into the ions H and SO* , sodium Indroxid 
into Nn and Oil , sodium chlond into Isa and Cl The ions 
winch carry a po^itiie electrical charj,c wander to the cathoile, and are 
known ns caltonn tho t haying a negatiyc charge move in the opposite 
direction, toward the anode, and arc knoyyn ns aiuon? Tims hvdrogcii 
IS the cation of hydrochloric acid (and of all acids), yyhilc chlorin is the 
anion of this same acid (and of all chlonds) 

The degree to yyhich a substance in solution is dissociated differs yvith 
different substances and yaries ynlh the same suhstanec under different 
cxtennl conditions The greatest degree of dissociation is shown h) 
tho so-cnllcd sfrong acids, hiscs, and silts, ns, for example, hvdrochlorn, 
sulphuric, and nitric acids sodium, jtotn«suim, and cileium h)droxi(ls, 
sodium cldoTid potassium siilphutc, calcium nitrate Rut di8»ocintiou, 
cycn for the 0, is complete onl) in extremely dilute solutions The de- 
gree of dissociation incrcn«cs yyith cyerv ri c in tempemture 

For tho most part there exist alnnys a certain mimlicr of iindi««<>- 
cintcd molecules U side the ions yyhich arc the products of tin. dis«ocin 
tion For the common salts that ace find in our l»odic«, and under tho 
conditions prey iiling m the IxhU, it is ordinarily licld that about 85 
per cent of tho silt pro«ent is dissociated into ions, while 15 per cent 
remains in the molecular state Tins means that for ctcry one Lun 
dred molecules of sodium chlond for example, present in tho Iwlv, fif 
teen are present ns such, while tho remainder hayc di«>ocintctl to yield 
eighty fiyc sodium ions and eighty fiyc chlorin 10ns 

It 18 clear after yvhat has hcin said that, in dealing with the liehavior 
of nuT substance in solution, this matter of electrolytic dissociation lie- 
coraes of great importance If yac deal with a substance that is incapable 
of dissociating elcctroh ticallv, or with one familiarly knoyyn to us as an 
electrolyte, hut existing, at the time under conditions which render dis 
sociation impo sible, then it folloyys that all the effects noted must bo 
due to the properties of the molecules present A non-clcctrolytc can 
exhibit only molecular effects Tins holds whether yre deal with its prop- 
erties in the fonn of a simple solution in tho chemical laboratory, or 
with its biological hehayior as brought to our notice by using this same 
substance as a food or drug (saccharoirf?, glycerin, alcohol) 

In the case of an electrolyte, on the other hand, we have to consider 
not alone the effects of the molecules, btit in addition the effects of the 
10ns yielded on dissociation, and not the effects of all the 10ns together, 
hut of the individual kinds of 10ns So, the effects of sodium clilond 
become tho^o of molecular sodium chlond, of the ion aodium, and of the 
on chlorin If the degree of dissociation is yerv small the ionic effects 
are correspondingly small, if this is great (complete), then the effects of 
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bromid sodium bromid, and lithium bromid, the last named acts more 
powerfully than the other two This is on the basis of equal amounts hy 
veight of Iho three suh^tlncis being ^i\cu (say in 10 per cent solutions) 
W hen we compare the molecular ncie^ts of these three substances (wbich 
stand to each other as 11011, 103 01 80 09) the reason for this ap- 
parent inequality in action betomes ciident The chief physiological or 
therapeutic effect of these three brumids resides in their bromm content 
and (rou^bly) a 12 per cent solution of the potassium alt is required 
to furnish the sime amount of bromm as a 10 per cent solution of the 
(anhydrous) boilium salt, or an b 7 per cent of the lithium salt Or 
to apply this to dailv practice when we substitute a gram dose of lithium 
bromid for a gram do e of potassium bromid wc ire giving a third more 
of the active eoiistitiient of our dni^ 

For certain purjmsea m pharm icologicil study it is well to employ 

ImucU tlic dissolicd 8ul»tan<c >s monobasic In other words the power 
of the sulatinco to di phee InTTrigtn is taken into consideration So 
a normal olutioii of hydrochloric acul contains a gram inolociilc (38 48 
grims) of the pure acid in the liter of hui«b<sl ohitiou 1 lit to get a 
normal solution of the dibasic sulpliunt acid only 49 04 grams tbit is 
to sa\, only one-half the inol«<uhr weight ( = 9b 05) art use 1 or of the 
tnbisie phosphoric acid only 1- * T grams (=1/3 its mnlccuhr weight 
08 02) Similarly a normal «olution of odium chlorui (molecular 
weight, o) contains ab o grims in the liter of solution yyhilc a normal 
oliitiou of trisodium phosphjtt (NajP04l2H0 molecular yvoiglit 
380 34) contains only l2o78 grams Clearly, therefore the familiar 
normal olutmns of the clicmi ts are the same as the molecular solutions 
more eommoiilv employed Iry the physiologists pmided monobasic acids 
or salts art invoUeil Put if pohlnsic sulistancis are under considera 
tion, then a normal solution of n dibisic compound has only half the 
concentration of a mokH.ular ohition of the same compound, a normal 
solution of a tnlnisic coinp<Miiid only oiio-tbml the concentration of a 
molecular solution of tins «an>c sulwtincc etc.* 

A third bisic upon yvliiili the solution of various sulstanccs must 
at times lio stuudanlir('<l is tbit of tlicir tome eonrrulmiioi u A\Lcn the 
elcctroUtfs go into solution in w ittr they U’cmne di socntei! as we found 
aboyc lint the digree of di soeiition is n it the same for all electrolytes 
and under all eamjitions S> fir example if we take u wries of equi 
normal acids the mmilpcr of liydrij,en ions in those is by no means the 

Th» ]il e 1 1(wt| „] g Mil III n r n rmat Mit m I ilinn" of our phwiolig al 
Ul-nr I rl hwpltaU tie has atoolul K nolh jr l> lo eritl the d rmal wlutiona 
Iwing diwu wi h rr TI o I rm re m anonwra an ! m sin nothing ant »houH d *- 
•n*’ f ti‘ ' yy ahoull aprak of an OM jirr r*nt or 0 9 prr «ot ao<J unj cMorid 
» lull it U I 1, »i,»t nf mean br tkaae lorinv 
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'vnnoiis CTtract^, fluid extracts niid tincture? pripircd from plants), ac- 
curate quantitatuc studies on pliarm icolo<;icaI boIiaMor lia\c m large 
part been difficult or impo sible Quantitative methods Invt increased 
hand in hand %\itli advances in tliemistn that have given us, in place of 
mixtures, the wcll-dchned chcniicil hodic? that vve know ns the alkaloids 
and the eheniicallv constant aefno pnnciphs of vinous plants and or 
gans ^et, in the eoinparitivc stiidv of the behavior of such vvellalefined 
chemical compounds, to which wc can at oiico add the various acids, al 
Kalis, and salts that form a guodiv portion of our therapeutic armamtn 
tarium, vve have gotten onl^ little hevond the point in which percentage 
solutions of the various compounds are vised In order to make proper 
comparisons between the pharmacological action of various cliemicil com 
pounds, it IS nccessarv for us to compare amounts that arc not simplv 
equivalent in weight (as iii pcrctningt solutions), hut that are cquivnknt 
from various phvsicocliemical points of vuw A definition of a few 
standards u«cd in this ng'ird is thonforc m order, for we »hall have 
to use thc«e in our further discussion Coiiipuntivc studies with solii 
tions of equal percentage are practicilh worthless, for revsons that will 
appear shortly 

Iho gram moUatle is a convenient unit Ihis is the molecular weight 
of tho substance itudor eonsKleration expressed in gnms k gram mole- 
cule of hvdrochloric acid is 3o 4C grains, of sodium ehlond, CS 'll) grams, 
of ethvl alcohol 4(>Oi grams If the substance contains water of ervs 
talhzation the moleculir weight of this expre» eil in ^rams is added to 
that of the 8ub«taiico itself V gram molecule of dried sodium car- 
bonate (Na COj) 13 10( 10 grams but of the crvstvlline conip»mud 
(Nn COjlOH 0) It IS 2&C 20 crams 

A gram-molecular solution (or a molecular or molar solutio n) con 
tain? a grammolccule of nnv substance dissolved menoi^Iiwater to 
make a liter If onl^ one-half the gram molecular weight is dissolved 
m enough water to make a liter we hare a one-half molecular solution if 
one-eighth the gram molecular "lolution is present in the liter, n onc-cighth 
molecular solution, etc Solutions that have the same number of gram 
molecules of various substances dissolved in the unit volume ore equi 
molecular 

It IS at once apparent that, if the dissolved substances do not underp,3 
an> change on heiiig di«solvcd, the same number of di««ohcd molecules 
are present in all eqmmoleciilar solutions '^hen we employ cquimolee- 
ular solutions in pharmacological studj wo are, therefore, able to com 
pare the bchav lor of a definite nmnbcr of the raolceulc? of one substance 
with the behavior of the same number of another subotance 

"We can illustrate the advantages of emplovmg such molecuhr solu 
tions in pharmacological stndj m place of pertentage solutions in the 
following way It is ordmanly stated that, of the three «alts, potassium 
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13 (Iistiirbtd, majDp to the pomt of cc sation In the distilled water the 
jmela loses its salts down to a fatal pomt from the concentrated salt 
solution it absorbs more of these than the physicochemical reactions can 
stand, when the entrance of oxygen mto the water is rendered impossible, 
then none gets mto the liy mg ameba and so its normal oxidative procc««t s 
arc interfered yvith, and it dies 

^\e can, on the other hand hill our ameba b^ furnishing it the pond 
water, but bj placing it m a position which docs not permit it to rid 
Itself of the products of its physicochemical reactions So if we allow 
the water to get stagnant it will die Under these circumstances 
the carbonic acid and other pnaliicts of its acfivitv acciimiilite in the 
water about the ameba, and in tht ameba itself and os the organism 
cannot bear more than a certain concentration of the o prodiuts, it 
dies 

The extremes between winch our ameba is able still to maintain itself 
(muum'il salt concentration mmmial oxye,eii concentntien maximal car 
bonio acid concentration) are liighiv important for its life — they con 
sfituto the mcnsuri, of Ihe rtsttlanct of the onanism to such conditions 

What has just been said continues to hold true if yvithout changing 
ftnothcr word, wo yintc brain cell or mu«clc cell or connective ti sue 
cell in place of tin term ameba m y\liat yyc liaye been di cussing For 
pond water wo ma> substitute the term blood or Ijinph m place of osy 
gen abosc the yysbr wc msy siv tJii nir m the lungs m phee of stagnant 
yvater yye maj say syreatshop atmo phere 1 v«ry cill in the mnltuellular 
organism is in the same situation ns the nmehi and as dependent as this 
upon the liquid medium that surrounds it If yve Kar these points m 
mind, iho phjsical clicnustry of a tlurnpcutics that urges « itcr a proper 
salt ration, the out-of-door Jifi nnd a ycutiinteil shop sy fern upon us at 
once becomes clear Tlicsc are the tyiryday illustratioiis of tin. laws of 
oquihhnum that art ordinanlv only murmured within the walls of the 
hboratory 

"Wo shall illustrate tins matter of c<iuihbrium a htllo furthtr Sup- 
pose yyo liaye any yc«»cl piriialh filled with water nnd above this any 
gas such ns oxygin This oxygen will go mto solution in the yiatir up 
to a eortniu pomt when no more will Is* dissolved If now wo increase 
the pres urc of oxvgeu in the space above the wster then more of the 
oxygen goes into solution or if wc reiluce this pre sure some that has 
gone mto floJutwn mil again < scape The proec'S js therefore rrtergible 
lor any gmn prc« urc of the pss there is alwavs a lortaiii amount of 
this gas dissohid in the water In other word* the dissolved gjs is 
nlwaj-s m equilibrium yiith the gnsabnye it c rrpre int tins ns follows 

OsTjren Oajprn 

(0*s) (Di ‘oItcJ m tb" 

water) 
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s'lnie Strong acids, siicli as bjdroclilonc, nitric, or sulpluinc, will m 
dilute "olutioii Lc almost entircK dis<)ociatc«l, but tbo weak ncid«, such as 

acetic or carbonic, mil be dissociated onlj little Suppose, now, that 

wo arc trying to dotcmiine the rclatuc %aluc of different acids in the 
digestion of the proteins undtr the influence of pepsin It is not siiffi 
(lent under such cirenm'ifances to work onlv with cquinormal acid solu 
tions It IS al«o uccesam to work with eohitions tint have the same 
lomc concentration lor the methods tmploicj in the preparation of such 
solutions the larger tc^tliooks of plivsical chcniistr\ must be consulted 


EQUILIBRIUM 

living matter repre erts nothing but a senes of plivsieochemical re- 
actions of sucli a nitnro tint the materials necc«aar% for these reactions 
are «iought b\ the Imng matter (that n h\ certain of the phisicochcm 
ical reactions them^clvea) while at the «amc time the products of thc»c 
phrsicoehemical rcactioin, winch if allowed to accuniulntc would bring 
the whole series to a «top are properly disposed of, the sura total of re- 
actions liciiif, ncoomplnhcd m such a wa% that the svstem in winch the c 
reactions arc taking place (luing matter it elf) undergoes no marked 
changes o^er long periods of time IVliat is meant b\ a long period of 
time 18 simph a matter of difiiiition, in the ca«c of eome of the insects 
It ma^ be but a few hours in oomc of the hichcr animals a century The 
maintenance of (he «istem oon«(i(Mtc 3 ph^ loJoga and nonnaJ life, crcri 
interfirencc with it pathologa and disease The purpose of prc\eati\c 
medicine n the maintenance of the former, the purpose of therapv the 
relief of the latter, and its restoration, if possible, to the former The 
whole 18 governed b> the laws of cquilibniim 

We can best see wLat all this means in the ca«e of man if we consider 
the ameba The ameba Ines in a state of equilibrium with its surround 
mgs If we take it out of its pond and put it in distilled water it die<» 
If we put it in a strong silt solution it dies, or if we keep it in its own 
pond water, but coier this so that no air can get to the surface of the 
water and into solution in the water, it dies The grosser reasons for all 
this are easilv gi^cn Pond water contains Ixsidca water certain silts and 
ovvgen The water in the organism is m equilibrium with the water in 
the pond the salts in the oiganism are in equilibrium with the salts in 
the pond water, the o^vgen dissolved in the protoplism is in equilibrium 
with the oxygen dissolved in the pond svater To put the ameba under 
any of the conditions mentioned abo%e is to change one (or mdirecth 
everal) of these equilibria, and, if any of them is snfficientlv changed, 
then that nonual system of physicochemical reactions that we call hfe 
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IS disturbed, majDe to the point of cessation In tbe distilled water tlie 
amtba loses its salts down to a fatal point from tbe coneeiitrjft.d salt 
solution it absorbs more of these than the pb%<iioochemical reactions can 
stand, when the entrance of oxagen into the water is rendered impossible, 
then none gets into the living araeba and so its normal oxidative proce« es 
are interfered with and it dies 

We can, on the other hand kill our ameba by furnishing it the pond 
water, but by placing it in a position which docs not permit it to nd 
itself of the produt-ta of its phvsieochcmical rtactions So if we allow 
the water to git stagnant it will die Under the c circumstancea 
the carhomc acid and other products of its actirity accumulate m the 
water about the amebi and in the ameba itself and as the organi m 
cannot bear more fbau a icrtnin concentration of these products, it 
dies 

The extremes Ittwccn vtbich our ameba is able still to maintain it«clf 
(minimal salt coneintralion minimal otvgen eoneentration maximal car* 
home acid concentration) arc biglih important for its life — thtv con 
Btituto the mtasure of resistance of the ©rginisra to such conditions. 

"Wliat has just been said eontiimcs to hold tn» if without changing 
another word wt write brain coll, or mu'*cle cell or oonnectivo ti sue 
cell in place of tiic term ameba in what wc have leui diveiissiiig For 
pond water we mav subatitiiu the tirm blood or IjTaph in place of oxv 
gin above the water wc ma} sav the air m the lungs m place of stagnant 
uater we ma^ say sweatshop atinoaphcre 1 verj ull m the miiltieellular 
organism is iti the same situation as the ameba and as dependent as this 
upon the liquid medium that sunaumds it If we hear the e points in 
mind, tho physical ehenustn of u IhtriptHtics that urges vrnfer a proper 
*alt ration, the ont-of-<loor l»f« and a venlilatid shop svstein upon us at 
once bciomcs clear Tlieae are tin tvir^dav illustrations of tlu laws of 
equilibrium that are ordinanlv onlv murmured within the walls of the 
Inlxiratorv 

^^o shall illustrate this matter of rquilibrnim a little further Sup- 
pose wo have any vessel partiallv filled with water and above tins anv 
gas, such ns oxvgen This oxvgen will go into solution in the water up 
to a certain point when no more will be dissolved If now we inerca e 
tho pressure of oxvgen m fb< space bIwvc the water, then more of the 
oxvgen goes into solution or if we reiluce this pn*ssure some that lias 
gone info solution will again e cape Theproeesis tlicrefore rc(rrsf7/fr 
lor auv given pre sun of the gia there is alwavs a certain amount of 
tins gns dissolved in the water In other wonl* the dissolved gis is 
alwavH in equilibrium with tlu gas above it \\ e n present this as f ill iws 

OiTcvn ^ * OiTpen 
(Oss) (Dt soIt^ in the 

vntcf) 
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(water rem'»uung Ix'lmid m the bbenl) tfus Inpptus the hirarbonatej 
tnak down and gi\c up n part of Cdrl«mc acid to ttit blood p1a«ma, 
smi tlu3 contiinKs until njtnhbritiin i4 8{.iiii n tored 

Attention 101 % here be dirccud to ibc rok of the bictrbonatts in 
maintaining a constant rcutron m or^'im»ui It 19 well known tb-it 
the rtaetioit (liidrogen ion toncentratKin) of tin bl»)od Biwl VxkU fluids 
tindtr normal conditioiw rnrio witbm %cfv narrow limits In term? 
of the logarithmic fi\nnbol enpgwtid b> Surcnsin and now vised quit* 
vmivers-ilK iht plT of the blood iti normal 8iili]c<i.ts K Idom beeomt^s nwri. 
alkaline than 7 o or mort and than 7 t The pitlnloguvl variation 
(viiers a nmeh wider ran,^ pll “ *» to pH 7 0 the rention of 

blooil liecotnea more arid than "0 d<uth rt stills m a gltart time Tin 
iDwlianistn b> which a vers constant reaction (pH) is mvmtained is 
chnfiv duo to On hiifTer action of the bicartonatcs la b •'Ociation with 
carbon dioxid lla«rna protims luraoplobm phosphates ehlotuls frtv 
exvgeii urea and ammonium salts toke p-irt m the I xifTcr Rii'chanisra but 
Btv> of aomcwhnt less impirtanre In the following diM'u«sioR for the 
sake of simplicitv NallCOj will be H»cd to designate the sum of all 
thebicarlionales In faet s<>diiim is tbe ihief inorr.anie bisc in the bodv 
In ft aoliition contimun,, loth eirbomc BCid and eodinm bicarbonate 
thi chtmici} rtocliwis arc 


(1) HtO - « 4 -nco 

(2) N«m<» Na + HCO 

(1) HO II + 0IT 

<4) IlfO 11 + U) 

iu) HCO + IU» IWO +OH 


The equation rcpresmtinp the lumzition cipulibrium of earlwiiic aeid 
niav Ik written os follows 

(C) kx ni.ro 1 HlivtHiCoj 


or 


D im k 


llHOJ 

{mt»l 


In the presence of bicUTlxmate then is verv httle dissociation of the acid 
M that thi conciatration of tlie nnih^wiated nioleculfs mis lx wnsiJi nsl 
to t pial Bppn>simit«lv the frt'e acid Inrtliennorp mnci sjlis ore hrgi h 
di vnafei} the «nic»ntpation ol tht bi«irl»mflfc jons (lift),) ■« tfj>- 
prusiroaulc j mportmiial t< the total nwi’sntralion of hicarUmvu ll« p- 
rraenting this proportionalitv 1% nwi mi' WTvU tin cqnatnn (“j tlius 
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(8) 11 = ^ 


^ NalUO 


It eboiild Lc death nppretnttd that tlin exprt«iou is an approximation 
and IS subject to sc\erol iiindihiii^ factors for n consideration of 
^\lucb tbp reader is referred to textlnioks on Ph^slcll Clurnistre This 
equation has iK'cn cxtremih useful m the «tud> of mine jdivsmlogical 
and biological problems 

If ue now sul stitnte the \nlucs for II = 0 5'> X !'» ^ {reaction of 
norm il blood), k — 4 4 X 10 ^ and a 1 = 0 G in equation (8), we liaM 


(9) O-Jo 


10 


4 I X in* iitCO 
0< ^.SflllLO 


or 


( 10 ) 


IIrf!0 

NallCl) 


iho proportion of free carbonic acid to bicnrlmiiatc in tbc blooel In order 
to appreciate the ltTectncll<^«s of the buffer \aliic of the bicarbonates 
alone in the blood wo ina> calculate the amount of one^tintii normal 
acid solution reipurcd to cliaivc the ritio in a 70 kilo mim from 1/il 
to 2/21 and deiinmiu tlic effect from eyiuation (8) It nin\ U assumed 
for purpo 08 of illu«tratiyii that the coiiantnifion of bieirhinafes througli 
out the boeh thuds is <|uite uniform nl<o that 70 per cent of the bod) 
weight IS watir The conceiitntioii of bicsrlwimle in the nornnl subject 
18 approtimateh (lO)niohr 

There are then m our 70 kilo iinn almiit 40 liters of 0 01 normal 
carbonic acid — bieirbmiite solution in the ratio of 1 of acid to 21 of 
alkali adding a liter of ones-tentli normal ncid to the nhuc mixture, 
the ratio would be ciian^ed to approainiateh 2/21 Tin effect on the 
reaction of the blood mas lie determined b\ substitution in esjiiation (8) 


= 07X10- 


That 13, in spite of the large amount of acid added to the solution, the 
reaction (fudrogen ion conmitration) of the blood bia liecn changed from 

03.. X 10 to 070 X 10 


which 18 still within the limits compatible with lift 

The importance of tbc alioa<Mle«cribcd equilibrium can scarce!) be 
overestimated The ea e and regiilarit) with which tbc rc«pirator\ 
mcchani«m eliminates CO provides a ven wide margin of safitv in 
iction of body fluids within safe limits Even under the 
jI mftabc sm, such as is encountered in diabetic acidosis, 
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tlio rciction of tlit blood is mamtainoil within normal limit®, al though the 
total bicarbomtts ini) be depleted to within one-fifth its normal concen 
tration The importance of a cleir understanding of regulation of the 
neid base equilibrium within tlw organism hccomca apparent in the 
triatimiit of acidosis (see chapter on Acidosis) 

A classical cxmiplc of pnnl\ chtmteal cgai/iTiriuwi is furnished b> 
the combination of ctlnl alcohol with acetic acid If at a definite torn 
perature ilicmicalh equivalent amounts of acetic acid and ctbvl alcohol 
are mixed together a reaction ensues according to tlie following equation, 

ciicooir + ciioir = cncoocir -t- no 

(acctieacid) (ethyl alcohol) (ethyl acetate) (water) 

riir reaction takes place m the direction from lift to right If, now, 
We mix tngi tlier chcraio ill) equivalent amounts of elliv 1 oectale and water, 
rtlnl alcohol and acetic acid arc formed In other words the shore re- 
nctian taki 8 pi ice from right to left Neither in the first nor m the econd 
Jiistanco docs the reaction hwomc c-omplete Before, the given amounts 
of acetic neid and ctlivl alcohol or etlivl acetate and water have under 
gone pompleto decomposition the ruction comes to a standstill ^ucli 
a rmction which con take phcc from nght to left ns well ns from left to 
right IS cnllwl a rfttruble reaction We indicate this os wo have done 
n1x}vo in the ease of oxegen and carbonic acid as follows 

cn coon + c If on cir cooc II + H 0 

It can be readil) seen that when equilibrium is established m a re- 
versible fciction, the four substances reacting with each other arc present 
in the reaction nuxtnre Ihe chameten tic fe-itim of such a cmulitmii 
of equilibrium is>^oiind m the faet tint under the ssme external condi 
tioiis It IS olwavs tlic ame, no nntUr fnim which side it is reached In 
other wonls it is iinmitiriRl wliether ciuinieallv equivalent amounts of 
nolle acid ami ctlivl alcolioi or ibemicalh cqmvahnt amounts of cthvi 
autitc and water an mixid togvthrr Tlic condition of equilibrium is 
in the ind the same in either ci c 

Mthiugh we sav ordinanlv ilut when eqiiilibrinm has l>een estali- 
li bed till reaetion lias eoim to a stand till tins h reallv incorrect WTieii 
equilibrium bus laaii i tnllilu-d I tween the two sides of an eipiation 
It reallv imniis that the chemie il thanges an still puiig on onl) tin 
amount ff chanp in the one direction is cxactiv countcrlabnoej hv tin. 
reversi cliinge iii the opiwsiu direction The reaction i, tlnrcforc 
stnlionary 

WTiat happens if aftir equilibrium has been established vve introduce 
into tin reaction mixture either ctlivl acetate or acetic acid and alcohol 
ur ntnove either of these from the nmonnta that are pre ont? Clearlv 
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(8) ll-i 


II CO 
\aIK O 


It filiould l)c clcirl^ apprc’oiattd that this oppression is an nppropimation 
oiilj, and IS subject to scxeral modifMiig futtors, for n considontion of 
vliich the reader is referred to tepthooks on I’lnsicul Cluinistn Tins 
equation has liecn cptrtnuU useful in the stnde of jiiniiN pliesiological 
and biological problems 

If we now substitute the \alues for II = 0 X !'> ' (reaction of 
normal blood), k -= 4 4 X ^ and a = 0 6 in equation (8), ne !ia\e 


(0) 0 3^ 


If) 


44 X 10 IlrfJO 
04 ^^nltU) 


or 


( 10 ) 


NnlltO J1 


tho proportion of free carbonic acid to hicarlionate in tbe blood In order 
to appreciate the etT(cti\ene«s of tbe buffer \alne of the bicarbonatca 
alone m tbe blood \'e iua\ ealciilafe tin amount of oiiMeiith normal 
acid solution required to changi the ritio in a 70 kilo man from 1/21 
to 2/21 and detcnniiic the efToct from equation (8) It mas Ik. assumed 
for purposes of illustration that ihcconcintntion of bieulioiiates throii„h 
out the bods thuds is (pate uniform also that 70 p»r e«nt of tho bodj 
weight 18 water Tlic c»mcentmtion of hionrlionnte in the normal suhjoet 
13 appropimatch 0 0*’ molar 

There arc then in our 70 kilo man aliont 40 liters of 0 03 normal 
oarbonic acid — bicarbonite solution m the ratio of 1 of acid to 21 of 
alkali adding a liter of oiie-toiith normal acid to the nl>o\( iniptiire, 

the ratio would be cliangctl to appropimatels 2/21 The effect on the 
reaction of tbe blood ma> lx* determined In substitution in equation (8) 


_x^=0 *'Xio* 


That 18 in spite of tin. largo amount of acid added to the solution, tbe 
reaction (Indrogen ion concentmtion) of the blood has l>een changed from 

0 35 X 10 to 0*0 X 10 


which 18 still within the limits compatible with life 

The importance of tbe alwe described equilibrium can scareelj be 
o\erestimatcd Tlie ease and rcgiilintj with which the rcspintorv 
mechanism climinatcB COj provides a sera wide inarj^in of safety in 
keeping the reaction of bodj fluids within safe limits Even under the 
stress of abnormal metabe' em, such as is encountered m diabetic acidosis, 
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and adequate therapv, or an intoxication Upon tho maintenance of a 
sufficiently low conccntritinn of tlie inTohed substances in the «eeoiid 
case (circulation of frc«h water about the amcbj administration of water 
to a poisoned man) depends the rcmmal of the poisonous substances 
from the intoxicated cell while there resides in this good thcrapcntie 
procedure the danger at tlie same time of injuring tho iniohed cells be 
allowin/, the diffusion out of them of some of their normal eon tituenls 

Vo haro now to consider some of the factors tint modify the problem 
of diffusion as this operates in the living animal Ihus far wo bare cn 
tirclj Ignored the time /actor and secondlv tho fact that Ining cells an, 
more than mere isohtcd drops of water In other word* the nature of 
tlic diffusing substances and the constitution of protoplasm affect this 
process of diffusion as originally de criM in our cylinder of water at 
tho bottom of which wc hod placed a concentrated copper sulphate solution 

Vo have already touehf^ upon one great dossifieation of the \anous 
substances that are conccrrietl in the phisiological and therapeutic aspects 
of this problem of diffusion Tlic ftato in which a clieinical compound 
exists affects its diffusion behavior The colloids wc noted aboic scarcch 
diffuse at all wheu compared with the wav la which cristalloids diffuse 
Heroin for example, resides one of the great purposes of digestion 
Through digestion the colloid proteins, earloli\drati8 niul fats are 
changed into compounds tlint arc crsstsUoidal in chorncter and so from 
ti state m which this pnoeicalh cannot diffuso into liMug cells to one in 
which they do this promptly 

But escn among thi crsstalloids the rate at which diffusion occurs 
IS by no means the same The diffusion seloeits of sodium chlorid dex 
Iro e and msgnositim sulphate decriases in tho order named Similarh 
the rate of diffusion of thc»e siilwtnnces into cells (their absorption) 
decren«cs m the order mmed 

Along with these specific dilferriiees in the rale of diffusim of differ* 
cut disaoUeil suhstsncis wo base to n number th it, if we are deiling wilh 
a inixtiin. of diffusing subsfniices the one insi moilifv thi rstc of diffusion 
of tlic other ns^his would base appeared had it slinc liwii m soliiti n 
( Vrrhcnius) 

\notlKr factor tint inflneners this pmllem of diffinioa ns ol>ser\e<l 
in living nntter resides m the fact that protoplj m is not a pure srhmt 
(water), hut a colloidal ma s It u ed ti la hiM that diffusion ixxui> 
ju I as reiidilv info and throngli such a colloidal mass ns gelatin or agar 
ngir ns info and fhrmigh pure water but this is nit strictly trui The 
pnsinec of eolludsl matcnal retanls the rate of diffusion of diss^ilveil 
substances and this lln mon ihi hijdier the eoiieentnfinn of the colloid 
in the medium info which dilfii nn is oniirruig Or to apply this to 
the prollem of phaniiaenh gr a di •advnl sulr*taiK'e will entir flu pro- 
tein portions of a cell less rapidls than pure water or, if ditfennt erlls 
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this must disturb the existing equilibrium, and, depending upon the side 
upon uhich this disturbanco has tahen place, more eth^l acetate and water 
must be formed, or more tthvl alcohol and acetic acid 

Upon the opcrntion of theoe laws of equilibrium depend not onU all 
the processes of normal nb«orption and accretion bi the Iniiig animal, but 
all tho«e of abnormal ab«orption and Bocrction that arc better known to 
IIS under the headings of intoxirnfion and its rt%er*c, dfloxtcalton How 
to preioiit the foniitr, and how to aid the latter, constitute two cardinal 
problems in therapy 


DIFFUSION 

If wo ven carefulU pour some distilled water upon a concentrated 
solution of copper sulphite tlic colored lavor docs not immcdiatol} mix 
with the clcir watir ahne it If we w.t the apparatus aside in a quitt 
place and watch it we notice that the blue color gndunll^ spreads up- 
ward through the clear water until in the end the whole ie<«cl contains 
a imiforinh blno solution The dis«ohed pirticlcs of copper sulphate 
spread iipw ird luto the <.U ir waltr hi a proce s of diffumn 

To return once mort to our amehi in its pond wntir (which wo have 
mndo oudogous to the indtiidtial cells composing man surrounded hj 
their blood and Innpli), wi can sni that all the substances neces^ari for 
the life of tins aniobi, or the iirious poisons that mai ho added to the 
pond water to injure or kill the amchi, get from the pond water into 
tlio organKm bi a similar process of diffusion Conierseh, the poi«onou 3 
products formed hi the nmeln in its daili life, or the substances whicli 
haie accidentalll found their wai into the orgtnism and arc capable of 
acting as poi«ona, can got out of the amebi into the surrounding medium 
(and «o be swept nwai ) onli through this same properti of diiTiision 

We have alreidi di«cus«ctl how important a part the laws of equilib- 
rium plai in this process of diffusion Diffusion is possible only because 
the distribution of the di««oliid substances in the si stem under discussion 
is not of such a character as to have the whole in equilibrium Food 
substances oxigen and jioisons diffuse into the hung ameba because tbe 
concentration of tlie«e within tbe ameba is less than that nccossan to 
establish an ccpiilibrnun lietiicen the substances ns found liere and tbe 
same substances found in the pond niter Similnrli, tbt various poison 
0113 products and maiij of the normal constituents of protoplasm, iiofabli 
the salts, diffu«e out because the concentration nf these in the pond water 
13 less than sufficient to be in equilibrium with these same substances ns 
found in the protoplasm of the ameba Upon the maintenance of a proper 
concentration of food suppli medicinal agent, or poison m the pond 
water (or blood and lymph) depend m the first instance proper nutrition 
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and adequate tlicrapj, or an intoxication Upon tbc maintenance of a 
BufScientlj low concentntion of the iniohcd substances in tlic second 
Cl e (circulation of fre«li Mater alonit the nmclia, administration of water 
to a poisoned man) depends the nmoial of the poisonous substances 
from the intoxicated cell while there resides in this gf>od therapeutic 
procedure the danger at the same time of injuring the nnolied cells b\ 
allowing the diffusion out of them of some of their nonnal constituent" 

^\e liaie now to consider some of the factors that modif% the problem 
of diffusion as this operates in the living animal Thus far we have cn 
tirclj Ignored the hme factor and sccoudh, the fact that living cells arc 
more than mere isolated drops of water In other words, the nature of 
tlie diffusing aubstanccs and the constitution of protopla m affect this 
process of diffusion as onginallv dtstribtd m our eshnder of svatcr, at 
tho bottom of which we Lad placed a concentrated copper sulphate solution 

Wo have already touched upon one great classification of tht various 
substances that arc concerned in the plnsiologiesl and tbcnpentic aspects 
of this problem of diffusion The atste in which n chemical compound 
exists affects its diffusion bchaiior The colloids wo noted aboso seareeh 
diffuse at all svlicn compired with the wav in wliicli crs«tnlIoiils difftibO 
KcrLin, for c'campU resides one of the great piirposts of digestion 
Ihrough digestion the colloid proteins carboh%dnt»« and fats arc 
changed into compounds that are mstalloidnl in character and so from 
a state m which tliej practicilh cannot diffuse into living cells to one in 
which tlic\ do this promptly 

Hut even among the cr^8talIolds tho rote at which diffusion occurs 
IS bv no means the sime The diffn ion velocity of sodium chlorid dex 
tro e and magnesium sulphate decrensos in the order named Similarlv 
the rite of diffusion of these sulislances into cells (tlicir ibsorption) 
decreases in tlie orilcr named 

Moiig w itli these sp-cific diffi reiiei s m the rate of diffusion of differ 
cut di«soUcd substances we have to renumlicr that if we are dealing with 
a inixtiui of diffusing substnmts tin «n« imv nif«lif\ tht rate of diffusion 
of the other as^liis would hair appeaiwl had it alone I'Ctn m soliitnn 
( Vrrhenius) 

Another faetor that ijiflueiives tins prohhm of diffusion ns ob«<ned 
111 liMiig matter resides m the fact that protop] ism is n it a pure solvent 
(wstcr), but a colloidal ina s It us«l tr lx held that diffusion ooiur* 
)u t ns readih info and through aiich ft csiUoidal mass as gilatin or airir- 
agsr ns into and through purt water hut this is not stnctlv tnii The 
pre eiiec of eollnulal nnterial retinls tlie rale of diffii ion of dissihed 
•ubstnnees and lhi« tin more tlu liigJicr the nuicentritioii of the colloid 
in the meiliiim into which diffii ion is omirring Or to appU this f) 
the problem of pbarmaixilo^ a di solvnl anl^tmee will enter the pro- 
tein portions of a cell le s ripidh than pur. wster tr if diffinnt ctlls 
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nro involved, it vill enter mo'?t rapidU into tlio«c wliicli arc richest in 
Avatcr Nol^, since the water capiciU of am tio'nie coll ^^rI^s under 
plnsiologicnl nnd pathologienl conditions (normal water content and 
cdcmitons state), it is e\ident that corrcspondiiif, herewith snh«taiices 
mav diffuse into cells more rapidh at one time (6 t\ in ccrtim di'ca cs) 
than at another 


DISTRIBUTION 

Thus fir onr argument has shown ns that diffusion occurs from a 
region of Inphor concintration to one of a lower conccntrition, nnd has 
seemed to indicnte that this will go on until the conccntrition of each 
of the diffusing siih tances is the same cicn*where In other words, it 
has seemed as though the attainment of a state of cqmlihrnim js synonv 
mons with cqunllt^ of distrihiition 

So, for example in our aimhn we have made it nppenr that equilib- 
rium would l>t tstnblislied Intween the amehi nnd the pond wnter 8«r 
rounding it as soon ns the couccntrntion of cver\ di« ohed guh«tnnce in 
the two phases is the same Ihe same would hold true of the individual 
colls of the multicellular organi m So we might siipiiose that after a 
dose of potassium lodid or straclinin or alcohol to a patiuit cquilibniim 
would ho attained ns soon as the distribution of the e various drugs was 
the same in all the ti<«u<s and fluids of the lodv 

Actualh we Know that nothing of the «ort occurs In fact we know 
that a uniform distnhution of an\ di< ohetl substance thronghout the 
cells and tlimls of a Inin^ or^aiii m pwhahh never otciirs the con 
centration of the various salts in the anichi is not that of these same 
salts in the pond water, and the potassium lodid, the strvchnin, and the 
alcohol distribute thcni«ehcs acrj iiiicquallw through the multicellular 
organism The lodids are likcK to nccuimilatc in the thvroul, tlic Etr\ch 
inn in the spinal cord the alcohol in the brain The c inequalities m 
distribution arc pointed to hv men who Itcherc that we shall never be 
able to interpret all life phenomrni on n piireh ph\sIeochcmical ba«is 
as evidences indicating that Imng matter has ‘peculiar projwrties not 
known to tho physical chemist m his studv of Mead material Such 
pessimism is at Kast premature As the following shows, we are already 
m a position that permits iis to account very easily for a large hulk of 
these phenomena 

CaISES op IVEQtAIJTrES IV DiSTBIBUTIOV 

Inequalities in Solubility — ^WTien we take a solution of lodin m 
water and cover this with a little ether and shake the whole, we can eo 
even from naked eve appearances that the lodin is ultimatclv present m 
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\ery unequal concentrations »n the two hqtiids ^Vhile scarcely any color 
remains in tlit water, the ether shows a deep coloration mth lodm The 
process is a homely illustration of the eyerjday chemical procedure 
that we call shahing out with an inuniscible liquid’ The extraction 
of the lodiu from the water by the ether depends upon the fact that jodin 
IS soluble in the ether and, m the exiniple cited, the solubilitv of the lodin 
13 so dccidedh greater m the ether than m the water that practically all the 
lodm moMS o\cr into the ether phase The ultimate state of equilibrium 
attained, which is characterized hv this yery unequal partition (distribu 
tion) of the dissolved substance between the water phase and the ether 
phase, IS in this case due to the difference in the rclatne solubilities of the 
lodin m the water and in the tlhcr As the lodin is more soluble in ether 
than in water, most is ultimately found lO the ether phase If we take 
equal yoluincs of water and ether and drop into the mixture a measured 
amount of lodin, sav a gram, we find when equilibrium has been attained 
that (roughly) one-tenth of this has dissolrcd m the water and nine-tenths 
m the ether If wo use instead 2 grams of lodm, we have again the 
same proporlionato distribution of the ledin, one-tenth of the amount 
added goes into the water and nine tenths goes into the ether And this 
result IS constant no matter whether we tirst mix the water and the ether 
and then add the lodin and whether we dissolve the ledm in the ether and 
then add the water or vice versa In the end the state of equilibrium 
attained is always the same The proportion of lodm dissolved in each of 
the two phases — in this ease a concentration of lodm nine tiroes as high 
in the one as in the other — is olvvava constant \\ e call this the dtsfnhu 
iivn eoefficicni or cotffcttnl of parlthon 

In. owr diacwtsion of the living cell so far w« have spoken of its solvent 
powers for various substances chicflv from the standpoint of its water 
content If the cell had solvent powers only so far as its water content 
13 concerned it is obvious that di solved substances could never appear 
in It in higher concentrations than those of these substances in the media 
surTounding the cell But this conception of the cell is too limited In 
addition to water the variom cells of all living organisms contain fat 
and fatlike bodies The latter arc called lipoids and include such sub- 
ffancos as chole term lecithin prutagnn, and cerchrin We can see in 
advance therefore, tliat the Imng cell must bo able to take up (that is, 
diisolvo or absorb) inanv substances that arc better soluble m such 
fats and lipoids thaw iw water in greater awiownts thaw the mtdia 
suTroiuidm,, fhc«e cells which on liss nch in, or devoid of the o sul>* 
stances 

We arc indebted to Hans ilever and to F Overton for recognizing 
thn great phvsiological and pharmicologital importance of the facts here 
outlined (The distribution law of Iterthclot and Jungflcisch ) By 
methods which we need not di cuss here, these authors found it pos 
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nro inrolrcd, it imU ontor most mpuIU into those which arc richest in 
Mntor Xow, since the water eipicilv of ‘iii\ tissue tell varies iiiidcr 
physiological and pithological miiditions (jionnnl water content and 
edematous state), it is e\i<I<nt that corresponding, hcrcwitli snhstaiices 
may diffuse into cells more rapidly at one time (say m certain diseases) 
than at another 


DISTRIBUTION 

Thus far our argument has ahown iis that diffiision occurs from a 
rec,ioii of liigher ooiiceniritinn to one of a lower concentration and has 
seemed to indicate that this will ^,o on until the concentration of each 
of the difTusiiig suhstnnois is the same c%er>’whcre In other words, it 
has seemed ns though the nllnintnent of n state of equilibrium is smonr 
mous with equality of di<triliition 

So, for tximple in our amtha wc hare made it appear that equilih* 
rium would K cstnhli Iitd lictwctn the nnula and the jwnd water stir 
rounding it as «oon ns the ooncentrntion of c^c^^ di«*ohcd suhstmee in 
the two phases is the same The same would hold true of the inclieidual 
cells of the niultiecllulnr orgini«m So wc might «uppo«o that after a 
do«c of potassium io<luI or stnchiim or nleohol to n patient, equihhnum 
would ho attained as goon ns the distribution of the e \nnous drugs was 
the same in all the tissues and fluids of the body 

Actually we know that notlnng of the sort occurs In fact, wl know 
that a imi/onn distribution of ans dissoHo] suhstanee throughout the 
cells and fluids of n ]iiin„ organism prohibU neicr occurs the eon 
centration of the various salts in the nmeba is not that of the c same 
Balts in the pond water, and the potassium lodid the strychnin, and the 
alcohol distribute thcmschcs serr iineqiinliy through the multicellular 
organism The imlids are likeh to accumulate in the thsroid, the strvcli 
nm in the spinal cord, the alcohol in the hriin The o inequalities m 
distribution arc pointed to by men who belieic that we shall never he 
able to interpret all life phenomena on a piirch plnsicochcmical basis 
as evidences indicating that hung matter Ins ‘'peculiar’ properties not 
known to the physical chemist in his study of “dead material Suoh 
pessimism is at least premature As the following, shows, wc arc already 
m a position that permits us to account very easily for a largo hulk of 
these phenomena 

CaLSEs of I^EQlTAIlTre3 Ilk DlSTBIBUTIOV 

Inequalities in Solubility — ^When we take a solution of lodm m 
water and cover tins with a little other and shake the whole, wc can see 
even from naked e\o appearances that tho lodin is ultimafeli present m 
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viords, it depends upon the distribution coefficient of the dissolved sub 
stance between the tno phases (water and etherlih© bodies) whether 
any dissohed substance will enter a cell slowly or rapidly, and whether 
it will ultimately he found in the cell m a greater, m the same, or in 
alower concentration than in the medium surrounding it 

"With the«e ideas in mind it is only necessarj to reexamine the list 
of substances which experiment has shown enter cells with more than 
usual velooitv and see if thev are not all of them of a character which 
renders th^m more soluble in ethereal ot oily substances than in water 
and if those which stand first in the list and oinsequeatly enter cells jnost 
rapidly are not such as have the highest distribution coefficients m favor 
of the ethereal or oih substances An illustration or two may make this 
clearer The repeated substitution of an atom or a group of atoms for 
some other atom or group of atoms m a chemical compound is often 
accompanied by marked changes m the solubility of the compound and 
Its derivatives Glycerin enters a cell ouly very slowly Wlien an atom 
of chlonn is introduced into this compound, the now compound obtained 
enters protoplasm mote rapidK and when two are introduced, ".till 
more rapidlv for these derivatives are more readilv soluble m fats than 
the original gUcerin. The same holds true of urea and its methylated 
denvatiies ^Vbile urea diffuses but «lowl\ into cells, the introduction 
of one, two or three methyl radicals into this compound increases progres 
Biveh Its solubility m fats, and also th< rate of diffusion into living cells 
The tremendous pharmacological importance of these simple facts is 
self-evident In order that a sub«tanc€ may produce any physiological 
effect It must first get info the ctU Other things being equal we may 
therefore expect a quicker and a more powerful effect from a lipoid 
soluble pharmacologic il preparation than from one that is not thus 
soluble Upon this depends a whole chapter in the chemistry of pharma 
cologieal preparations in which i>omc pharmacologically active compound 
which in itself gets into cells only slowly and so is not yen actiye, is 
made active hv being introduced into «ome compound which is more 
readily soluble in the lipoids 

The marked effect of all the anesthetics (chloroform ether alcohol 
ethyl chlorid), and the yanous alkaloids (morphin, cocain atropm), is 
associated with the fact that thev are Iipoid soluble Their great effects 
upon the central nervous system are in large measure associated with 
the fact that nervous tissues arc nch in fat and fatlike bodies, and so 
these ti sues take up these substances yvith special avidity Wc can 
appreciate also yvhv a fat individual demands more anesthetic before 
going to sleep than does a lean one Vucsthesia, like all intoxication, is 
a matter not of absolute amoimt present, hut of concentration The 
yanous grades of ancsthe«ia go hand m hand with definite concentrations 
of anesthetic in certain cells of the central nervous system It must 
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Bible to difTcrontintc between substances ^^b!cb pa«3 into or through cells 
\ery slouh, and tho«o which pass rapidly 

To the compounds which diffu c rapidly into protoplasm belong the 
monatomic alcohols, aldeh^ds, and ketones, the Indrocarbons with one, 
two, and tlirco clilorin atoms, the mtro-aIk^l^, tlio nlkJlc^amds, the neu 
tral esters of inorganic and mim organic acids, anilin, etc. The diatomic 
alcohols and the amids of monatomic acids pn«s into cells more slowl} , 
and still more slowh glycerin, nro*!, and crj'thrite The hcTatomic al 
cohols, the sugars with six carbon atoms (hexo cs), the aniino-acid«, and 
the neutral salts of the organic acids diffuse into cells onl^ rcr} slowly 
(Orerton) 

V simple glance at the liH ju«t given shows that we have to deal hero 
with ill manner of chemical sulwtaiiccs Some of thc«c arc rolatncl^ 
«implo m composition some verj complex, some arc of plijsiological ira 
portance, and are found as normal constituents of the liMng coll, others 
are cntirelv foreign to tlic living organism \\hat phv •icochemic'il char 
actor have all thc«e substances m common, which allows them to penetrate 
living cells with more than u«ual ease, and «o to stand out from the great 
group of the ordinarv neutral salts, for example, which can penetrate 
the cells onlv much more slowly! 

An explanation frequently given and long believed to bo the correct 
one 18 that the size of tlic molecules is the condition which determines 
the entrance of the di«vilvcd particles According to this conception, the 
cell protopla«m as a whole, or the “membranes” (to be discus«el later) 
believed bj man) (including Overton) to cxi«t about cells, are regarded 
ns sieves which allow all molecules that do not exceed a eerfam size to 
pais into the coll, while tho<c larger than this arc held back The de- 
ficiencies of any explanation which calls for the existence of membranes 
about cells we will point out later, but even now it must lie apparent 
that the sievclike behavior attributed by «oinc authors to such mem 
branes or to protoplasm ns a whole lacks all support, for cells which 
readily give passage to sucli, large atomic n^rcgnfcs as the alkaloids and 
sodium salicjlate hold back the much simpler ammo acids and potassium 
sulphate 

The substances enumerated above enter cells because the cells con 
tarn substances which in their properties ns solvents l>ehave not unlike 
ether All those compounds which are more soluble in ether (and other 
oil like bodies) than in water must, therefore, pvss into and through 
cells containing ctherlikc solvents (fat, cholestenn, lecithin, cerchnn, 
protagon), more rapidlj than into and throu,.li such ns do not contain 
such solvents , and with a given cell the rapidity and the nbiolute amount 
of any compound ultimatclj taken np must depend upon the relative 
degrees of solubilitj of the substance concerned m water and m the ether 
like bodies contained in the cells (distribution coefficient) In other 
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have had the charcoal take as much of the dye out of the solution as is 
possible -wc pour off the supernatant liquid iiid substitute pure •water 
for it, then some of the dje will leare the charcoal and go back into solu 
tion m the uater In this way \ic can again wash all the dye out of the 
charcoal Conversch, if, after we have had the charcoal take up as 
much dye as possible uo add more dye to the supernatant liquid then 
the charcoal uill proceed to take up an additional amount from that 
uhich 'we hare added 

The relationship hetween the eonceutraUon of the suhstanee to be 
adsorbed and the amount taken up by the charcoal is an interesting one, 
and may he thus stated Prom relati\elv dilute solutions the adsorbent 
ivill take up much, from more concentrated solutions relatively less, of 
the substance to be adsorbed In otlier words if at a certain conceutra 
tion 'we can ta’ c four fifths of the dye present m a solution out of this 
with a given amount of charcoal then, if the dye has a higher conceutra 
tion we can take out only less than four fifths or, if it has a lower con 
contration more than four fifths 

Protoplasm hehayes toward substances dissolved in a medium that 
anrrounds it m an entirely similar wiy This constitutes another reason 
why protoplasm may contain the ainie, a higher, or a lower conceutra 
tion of any dissolved substance than the medium surrounding it The 
protoplasm (adsorbent) of different cells heharos differently toward the 
ame external condition* and so it comes to piss that, while all cells 
aic bathed with esaentially the same blood and the same lymph they do 
not all adsorb the «ime amount of the proffered materials In other 
nords, equilibrium is not attained between the protoplasm of different 
cells and the medium surrounding these at exactly the simo point 
Hence it happens tint the salt content of different cells is not only not 
the same under physiological conditions, but, if -we offer the cells of the 
bodv any pharmacological preparations (say an lodid) all the cells of 
the body will not take this up cijuallv So the thvroid for example 
l>ecau«e of its peculiarly high adsorbent powers for the lodids, -will be 
found partiailarly rich in lodin after medication with this drug, iron 
uill tend to collect lu the lircr and the mammary glands, etc. 

The adsorption properties of protoplaom are markedly influenced hy 
various external conditions If we alter the reaction of the medium 
in which protoplasm finds itself (say from the normally neutral to an 
acid one), then the adsorption powers change most markedly Thus a 
given tissue which under normal circumstances proved an excellent ad 
"orbent for certain dissolved substances may practically lose this or 
conversely a tissue which before adsorbed a given substance only poorlv 
may now take this up with avidity The pharmacological import of this 
is easily seen The former is equivalent to a defective adsorption, the 
second to an ahnormallv good ad orption The maintenince of a normal 
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evidentl} take longer to attiin tliis concentration in a fat man than in a 
lean one, for the rcaih Bol»bilit> of the anesthetics in fat means that the 
ordinar\ fat-contaiiung colls of the hodj must he sntnratcd a\ith anesthetic 
at the same time that \\c arc trying to do this to certain cells in the cen 
tral nervous system And so a greater initial nh olutc amount of anes 
tlictic must be taken up a fat indnidual than hj a leaner one 

Inequalities in Distribution Due to Inequalities in Adsorption — Not 
ouh nia\ u In mg cell come to contain in the unit \olninc a greater amount 
of a dissolved sulistanco than docs the surrounding nicdiiiin because the 
cell coiitaiiH Utter ohtiita for the dis ohed sub tnnci thim docs the 
Furrounding medium, hut it maa take up an unoTpectcdl} large amount 
hccauso of its o/7sor/j/itc pouers Ilio c ndsorptnt powers ore associated 
with the fact that the cell is Inrgelv colloidal m its make-up The geiicril 
problem of atl--nrption mn\ Ik* illnstratid as follows 

If wo dissolve a dvo in distilled water, wc get a nniformU colom! 
solution If, now, wo divide the solution into two part®, and add to the 
ono a littk hiulv jxiwdcnd charcoal and then shake Uth, wc hnd after 
a little time that while our control solution rimnins entirely unaltered, 
tlio color has ver\ largoh di appcarcil from the other Me are not deal 
ing hero with a chemical reaction, the pure carbon that wc added to 
the colored solution does not react chcinicallv with on\ of the constitu 
ents in the tube The powdered charcoal has a great surface, and the 
action of this great surface upon the dissolved particles of the djc has 
made this accumulate (condense) upon the surface of the charcoal The 
theory of how this surface action is accomplished need not interest us 
here 

What has boon described is an caamplc of adsorplton The charcoal 
used in the experiment is the adsorbent, the <ho tho ad orbed substance 

An enormous mimbcr of snUtanecs could be cited as acting under 
vanous conditions as such id orlvuts, and almost anv suhstanct could be 
given as an example of a material capable of being ad orUd Knolm, 
finely divided precipitates of all kinds or anv of tho inorganic or organic 
colloids may take tho place of carbon in the above experiment, and acids, 
ilkalis and salts can bt ad orlwl m tho same wav as our n idilv vis 
ihle dje i-xamples of adsorption arc familiar to every one The cbem 
ical decolorization of beers, siigan, etc, under the influence of animal 
charcoal, tho removal of color from a hath hv dipping wool, cotton, etc., 
into it (djeing) , the staining of histological specimens, arc all examples 
of adsorption 

The ad orption of aiij substance by an adsorbing agent is never com 
plete In tho case of a dje and charcoal, it is never possible to take all 
of tho dje out of tho bath with tho diarcoal, a little always remains 
behind In other words, the distribution of tho dve between the solvent 
and the adsorbent is governed bj the lavra of'equihbnum If, after we 
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bilitv character! tics, the phenomena of adsorption and chemical com 
hmation, influence the point it irbich equilibrium is reached This simple 
picture of the cell furnishes to our minds an adequate conception of its 
main structure 

But this IS not the conception of the cell ^vhlch all, or even the ma 
jontj, of biological workers ao-ept as correct Since the studies of 
P/effer and Hugo do Vries it has been generilly held that both plant 
and animal cells hare membranes ' (osmotic membranes or semiperme- 
ahle membranes) about them This is a teaching which we believe in 
correct The question is discussed in greater detail later hut it is brought 
up here because, if such membranes existed about cells, thej would be 
an additional factor in determining the distribution of dissolved sub 
stances between cells and tbeir liquid surroundings 

The original teichin^s of Pfeffer and De \ries held the membranes 
about cells to be entirely analogous to the osmotic membranes (the so- 
called seraipenneahlo precipitation membrsnes) of the phvsital chem 
ists ‘'uch membranes arc frech permeable to tlie solvent (water), but 
impermeable to substances dissolved in the solvent Did such membranes 
exist ibout colls it 13 therefore clear that witcr could freely pa&s into 
and out of cells but the substances dissolied in the water surrounding 
the cells could not get m, and Uiosc in «ol«tion within the tell could 
not get out 

On the fsce of things it is evident that such a conception cannot bo 
wholly correct for if cells liid true scmipcrmeablo membranes about 
them no food matemls could ever get into them, no products of metab 
olism get out, and this wciuld mean death So for these true semipcr 
meable membranes the more modem school has substituted sutb is are 
partiallj permeable and verv complicated these are As we do not 
think, that any such complicated structures exist, we shall not discuss 
them further We only wish to emphasise the fact that should such 
membranes ultimately be shown to exist about cells they will be capable 
of maintaining concentration differences (at least for shorter periods of 
time) between the dissolved substances within the cell and tho e with 
out for, if a mprabrane is permeable only to ome dissolved substances 
then those which cannot pass through may acaimulate in unusual quan 
titles either within or without the cell 


PHARMACOLOGICAL IMPORTANCE OF THEORY OF ELECTRO 
LYTIC DISSOCIATION 

In the earlier pDrtions of this chapter it was found that tin. crvstal 
loids can be divided into two great groups the electrolytes and the non 
electrolvtes ^Vben the electrolytes go into «olution in water we find 
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pb^siologj (ol)«orptioji of food) depends npon tlio former, or the proper 
absorption of a plinrmacolo<neal pnpiration I/iss of adsorption power 
llIa^, tberefon I'o follow eel b\ serious eon fqiunecs On tbt other bniul, an 
mercised od orpfion power I«^^ In. eqtiallv dangerous, for a plnrmaeo- 
logical preparation a\bicb is nl>sorl>ed but little b} a gnen bcaltha ti«siie 
ms} in disease bo absorlicd so aull tli it it produces ii»eTpetti“d!j poirerful 
efTocts 

Specific Chemical Differences — V third reason wb\ a etll ma) con 
tarn substances in a bigber {or loa\cr) concentration than the medium 
surrounding the cell resides in llic fact tbit the cell ma\ contain sub- 
stances capable of oombinmg chimicalh with the profTered dissolved sub- 
stance So, for OTnmple if a ctll contains iron, it is reasonable to expect 
in advance that tins coll will take up more of a proffered poison capable 
of combining with the iron (sav a fcrroevnnid) than a cell not conlaiuiiig 
iron, or iron in le«s amount )\c noeJ not mnltiplv such illustration*, fo~ 
the list IS B3 long ns the list of cbtmical reactions capable of ensuing 
between the various Bub«tances found in cn\ living cell and the sub- 
stances that come nonnallv or abnorinalh m contact with this cell 

All tbo “specific effects of various pharmacological preparations of 
“tOTiiis,” or fcnuciit*,’ ctc,andtbc ‘specific reactions’ of protoplasm 
duo to the 0 , arc goicrillv regardvd and might U w cd in iHustratinii 
of such inequalities in distribution as wc arc lure disciissing This 
point of view IS 111 the mam comet But it is likelv to be earned too 
far Wc are still too stronglr under the luilncneo of tbo “purelv cliein 
jcal ’ point of Tjcw in this matter Wo have alrrndv learned that jnauv 
of the “specific immiino reactions' arc not *0 infensclv ‘specific,” and 
tbo whole realm of colloid cbemistrv is dotted w ith examples of reactions 
that hare been looked upon as “chemical ’ m character when further 
analvsis has shown that what was considered “specific” in thc'-e reactions 
did not depend upon the prc«cncc of certain chemical compounds, hut 
rather upon the phvsical states m winch the components of the reactions 
entered into these 

Interference from “Membranes — Were we to sum up in a few words 
our conception of the structure of protoplasm as thus far developed, wc 
could liken it fairly accuratelv to a ina«3 of gelatin (protein) intimatclv 
mixed with more or lc«8 fatlikc material (the fats and lipoids), the 
whole being under physiological conditions immersed in a liquid (pond 
water m the case of our ameba, or Ivmph and blood m the case of our 
body cells), from which the protein fat mixture soaks up a certain amount 
of water as well as the vanous dissolved 8ub->tances found m this water 
^Vhat governs the matter of water absorption we shall have occasion to 
discuss shortly The absorption of the dissolved substances wc have made 
a matter of equilibrium between the medium outside the cell and the 
medium which constitutes the cell, and wo have indicated bow the solu 
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bility cbaractenstics, the phenomena of adsorption and chemical com 
bination, influence the point at which equilibrium is reached This simple 
picture of the cell furnishes to oui' nimds an adequate conception of its 
mam structure 

But this IS not the conception of the cell which all, or even the roa 
jority tf biological workers accept as correct Since the studies of W 
PfeScT and Hugo do ^Ties it has bet.ii genet illy held that both plant 
and animal cells have ‘membranes (osmotn, membranes or seraiperme- 
able membrines) about them This is \ teaching which we believe in 
correct The question is di!>cns'!td in greater detail later, but it is brought 
up here because if such membranes evisted about cells they would be 
an additional factor in determining the distribution of dissolved sub 
stances between cells and their liquid surrounding 

The original teachings of Pfeffer and De Vries held the membranes 
alout cells to be cntirelj analogpus to the osmotic membranes (the so 
called scmipcrmeahle precipitation membranes) of the phvsical chem 
i«t8 Such membranes are freeh permeable to the solvent (water) but 
impermeable to substances dissolved m the solvent Did such membranes 
orist about cells, u is therefore clear that water could freely piss into 
and out of cells but the substanccv di«!>oIved in the water surrounding 
the cells could not m, and those in solution within the cell could 
not get out 

On the face of things it is evident that such a conception cannot be 
^holl} correct for, if cells bad tnic scmipenneablc membranes about 
them, no food maternls could ever get into them no products of metab 
olism get out, and this would mean death &o for these true semiper 
moahle membranes the more modern school has substituted such as are 
partially permeable and very complicated these are As we do not 
think that any such complicated structures exist we shall not discuss 
them further We only wish to emphasize the fact that should such 
membranes iiltimatelv he shown to exist about cells they will be capable 
of maintaining concentration differences (at least for shorter penods of 
time) between the dissolved subBtanccs within the cell and those with 
out, for if a membrane is permeable only to somp dissolved substances 
then those which cannot pass through may accumulate in unusual quan 
titles either within or without the cell 


pharmacological importance or THEORY or ELECTRO 

LYTIC DISSOCIATION 

In the earlier portions of this chapter it was found that the crvstal 
^ouls can be divided into two great groups the electrolytes and the non 
electrolytes ^Vhen the electrolytes go into «olution m water we find 
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phjftiologA (al>'orptioii of food) dppoiids upon tho fonnor nr tlio proper 
ab'sorptioo of a plnrmacobipcnl prtp»rat!oii I^<i9 of nd«orption power 
Im^, tli( rt fore le follow H b\ «erioiH ions(«pipnces On tin other hand, in 
\ncrc\«cd ad nrptvon power ina> K npiallN d^ngcrowi, for a pljannaco- 
logical propiratioii winch ii al>M»rlic<l hiit little In a gnen hcdtli% tissue 
inaj in disei«c bo nb«orl)ed so well tlint it produces unexpectedly powerful 
eflects 

Specific Chemical Differences — \ third rci«on win a ctll nia\ eon 
tain substances in a higher (or lower) eonceiitmtion tlnn the medium 
surrounding the cell resides in the fact that the cill niai contain sub- 
stances capable of combining eheniit ilU with tin profferixl di«>>oUcd snV 
stance So, for example if a cell contains iron, it is riTwnable to expect 
in advance that this cell will taht up more of a profTcred poison capibli. 
of combining with the iron (si% a ferrocvamil) thin a cell not eoiitainiiig 
iron, or iron in less amount \\ o noi 1 not muilipH such illu*<lratit)n<, fo- 
tho list IS as long ns the list of ehtmicnl reactions cipible of ensuing 
Ktween the inrious substances found m an\ living cell and the sub- 
stances that come norinallv orabnornnlU in coiitict with this cell 

All tho ‘specific efifoets of mpious pharmncological prcpintioiis of 
“toxins,” or ‘ fennents,” cK , and the ‘specific rcictions ’ of protoplasm 
due to these, are gonerallv regarded and might l>e n ed in illustration 
of such inequalities in distribution as wc are here discussing This 
point of 'lew IS, in tlie mam, correct But it is liheK to be cirned too 
far We are still too strongh under tho influence of the “punh chcin 
ical ’ point of 'lew in tins nutter A\o havo nlrtidv learned that man' 
of tho ‘specific immune reactions’ an. not so inlcnsclv “specific,” and 
the whole roilra of colloid chemistrv ii dotted with examples of reactions 
that hare been lookid upon as “chcmieil m character when further 
malvsis has shown that what was considercil specific” in these reictions 
did not depend upon the pre«cnco of certain chcmicil compounds, but 
rather upon the plnsicil states in which the components of the reactions 
entered into these 

Interference from “Membranes — ere we to sum up m a few words 
our conception of the stnicturc of protoplasm as thus far developed, we 
could liken it fairh acciiratcK to a miss of gelatin (protein) intimalclv 
mixed with more or less fatlikc material (the fats and lipoids), the 
whole being under pbjsiolc^icai conditions immersed in i liquid (pond 
water m the eisc of our amcbi, or hmph and blood in the case of our 
bodv cells), from winch the protein fat imxturo soaks np a certain amount 
of water as well as the nrioiis dissolved substances found in this water 
AATiat governs tho matter of water abrorption we shall have occasion to 
discuss shortlv The absorption of the dis olved substances wc Lave mide 
a matter of equilibrium between the medium outside the cell and the 
medium which constitutes tho cell, and we have indicated how the soln 
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water IVlien the toxic effect of bolutions of different mercury compounds 
containing the same amount of mercury in the unit volume are com 
pared, it IS found that, in •ipite of this fact, they have a very different 
degree of toxicitv Thus raercnr> bulphoi^auate is more toxic than mer 
enrv cvanid, and this more toxic thin mercury thiosulphate While 
all these compounds vicld mireiiry mils when dissolved in water thev 
vield an unequallv fpreat nninhcr Comsponding to the fact that the 
hrst vields the laroCst numher, it is found to be most toxic 

The next evidence in this direction was broUj,ht by Grutzner who 
showed that the toxic effect of various acids on nerves was chicflv a 
function of the hvdro^en ions the acids vicld and that the degree ot 
toxicity of different acids parillels (roughly) the degree of dissrciatnm 
of the acids in other words the concentration of the hvdrogen ions 
Ivahlenberg and True brought out the «iinc fact m studying the effect 
of various icids ba es ind salts on the grow ih of sprouting beans Ihcbc 
authors found that such spronling beans will just live in solutions of 
the strong acids (IIBr, HCi HlSOi 11 SO4) when a grim molecule of 
these substances is di«solvcd in 0 400 liters ot water In solutions as 
dilute as this, dissociation into ions is complete and there are no lunger 
present anv molecules of the acid Hcncc, the toxic action cannot be due 
to the molecules of acid The toxic action can therefore be due onlv to 
the hvdrogen 10ns or to the different icid ions or to these togithcr No 
toxic effect is shown by a sodium rhlorid sdution which is eipnmolecular 
with a toMC hvdrochloric acid solution and since such a sodium chlorid 
solution yields just as minv chlorin ions as the acid nlntion, the toxi 
effect of the acid solution cannot be due to the chlorin ions It must 
therefore, be dive to the hvilrogcn ions 

By similar methods it can be shown that the toxic effect ot hvdroxids 
is chiefly a function of their hvdroxvl 10ns '^lum chlorid solutions 
having a conccntrition equivalent to tovac eodinm hvdrosid solutions arc 
non poi onous Since both contain sodium ions and in the same con 
ccntration and since the hydroxid oolution is toxic at a conccntrition 
when divaocntioE is complete the toxio effect of the sodium hvdroxid 
must be due to the hydroxyl ions 

In the same wav I Loeb haa hown that the loss of irritability of 
a muscle and the amount of water this aboorbs 111 an acid solution is 
a function of the 10ns of the acid concerned Richards has shown that 
the taste of acids, alkalis and salts is dependent upon the ions tliev vield 
Rahlcnberg and Tnie Paul and Kronig and Schourlcn and Spiro that 
the anti«cptic action of various metallic salts (mercurv silver gold) is 
determined in the mam In the jona thev vield and is the greater the hij,her 
the number of pusonous 10ns yielded 

Since the«e earlier papers an enormous literature has sprung up 
around this general subject of the phvsiolc^cal effects of ions 
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tlicm to mulergo «o that ioii< ifsiilt \\htJi wo clcnl ^Mth 

fill cfToct protopliisiii of \arious tlc-ctrohfts (li««ohcd in water, do 

we dcil with efTcPt*! of the molecules of these clcctroljtcs, or with 
the itTicts of tlu \ iriinis ions which the e Mild on solution? So far as 
the pure chemistn of tin eUctroUtis is conctnied, we know that their 
iKliuior IS dctiniiiind in tin inniu, bt the ions tliei Meld on solution 
So for example, tin Miriotis group rinctions that wc arc familiar with 
111 chcmistri are now known to Ik c (iitialU reactions liotween ions of 
tlio suiie kind Hir riasem tint nil ncids taste sour, redden litmus, and 
attack metals is that on solution in water all acids Mold Indrogcn ions — 
the proiHrf\ tint nil and h»\( in comtiioti Mkilis, on flu other Iniul 
haic an alkaline taste turn iitiiiiis blue, etc, bee insc all liaic Indroxil 
ions 111 common 

The pjKHitic dilbreutts Utwien different acids arnc from the fact 
that the radieals umtid with the hielnveii iii the molenilar uids are 
different, and when dn oKid in water these form different kinds of ion« 
bo hydrochloric atid and nitric aeid, when dn-ohed m wafer, are the 
sinic in tint Isitli Meld ludrogin ion«, but dilfeniit in that the one Mtlds 
cblorin ions in mlditum, while the other Melds AOj ions bimilarh, tho 
spceific diffinnccs lefween the lines an to he oii^lil m the spe'cific 
differences lietwcen tlu nictnls with winch the h\drnx\l in the ba c is 
ininhiiied On solution in water tlic bi«es m all tlu siino in tint the\ 
Mcld LNdrowl ion«, but different in that wKlmm liMlroxul yields in 
addition sodium ions pot i«siiim hydroxid potassium ions, and calcium 
Indroxid calcium ions 

^^hcn sihcr nitrate is ndilcd to a mixture of different salts all the 
thlonds are prccipitntcd This is beciu«c all the chlonds on solution 
m water Mcld chlonn ions and tho siUcr ions of the siher nitrate re- 
act with these ind produce a precipitate AMun sihcr nitrate is added 
to a suhstaiicc in solution winch coiitnuis chlonn but not in a form 
which makes this appear as chlonn ions, no such precipitate 13 formed 
Thus siher nitrate docs not precipitate the chlonn from a chlorate, for this 
does not ^ icld Cl ions as doi-s the chlond, but ClOj ions nor the chlonn out 
of chloroform which is a non-clcctrohte and therefore Melds no 10ns at all 

When we deal with the effects of tlic sanous acids, hi«cg, and salts 
upon protoplasm, in other wonls, with the effects of these anrious eloe- 
trohtes do we deal witli the effects of the ^ irioiis molecules of the e 
compounds or with the effects of the aarious 10ns that these yield in 
olutiou^ In greater part we deal with the effects of the lanoiis ions 
that these Meld 

The first proof of the tnith of this statement w is brought h\ II 
Dreser, and m the field of phirmacology Dreser was working with the 
effects of different mercury salts, and showed that their toxic action 
was pnmarilv a function of the mercury 10ns they ^leld on solution m 
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The proteins and the effect of various external conditions upon them 
have heeri studied from manj pomts of Mew Those which are most 
important from a medical standpoint are the relationship of water ab- 
sorption to the state of the colloid, the viscosity of the colloid, and the 
precipitation or coa^lation of the colloid As we shall see shortly, a 
\er\ simple relationship exists between these apparently detached prop 
crties of the colloid lo indicate the importance of a knowledge of the 
changes that occur in these simple properties of the colloids under various 
external condition's we need but mention the fact that the first of the«i. 
properties of protein colloids controls, m the mam the whole question of 
how much water the cells or fiiiidg of the bodv will hold under ph38io 
logical and pathological conditions (normal cell turgor edema) the 
viscosity of protein solutions is associated with the work the heart must 
do m pumping the blood, the general problem of protoplasmic motion 
(migration of leukocytes contraction of muscle), and the phenomena of 
cell dnision, their precipitation and coagulation, with such changes as 
the Bteammw of tbo cornea in glaucoma Ibe graying of the paiencba 
matous organs m ‘ cloudy snellmg the changes produced acids, 
caustics and the metallic salts in pharmacology, etc. 

It is convenient to begin our discussion with the matter of water 
absorption by such protein colloids as gelatin or fibrin 

When gelatin or some powdered fibrin is thrown into water it swells 
up somewhat If the experiment is done quantitatively and the gelatin 
or fibrin is thrown instead into a dilute acid, it is found that the col 
loid swells up very much more Depending upon the concentration of 
the acid, these colloids swell more and more with every increase in the 
concentration But this is true only within certain limits After a time 
a point 19 reached whore the gelatin or hbrin does not swell more with 
8 further increase in the concentration of the acid, but less While all 
acids make gelatin or tihnn swell thev arc not equally powerful in this 
regard When equinormal acids arc compared hydrochloric acid is found 
to act more powerfully than nitric and this more pDwerfully than lactic 
or acetic in the order named Snipbunc acid stands below these organic 
acids 

These simple facts are of the greatest biological importance What 
Wo have said regarding the action ©f acids on protein colloids can he said 
without modification for the effect of acids la the most varied physio 
logical and pharmacological reactions Tho same laws govern the way 
in which the«e acids reduce the imtability of nerves and muscle, kill 

It U nfce sary to d tirgit ali betw«*n the e two terma for they represent radically 
d fferenl thangea n tte state of a collo 4 tte uae the term precip tation if the change 
1 r V rsible We speak of the p ipitatum of « protein w th a salt of ome k nd If 
on r moving the salt the prote n goes b ck into K^ution If it fails to go back into 
solution "s say it I9 coagulated— in otiter wo ds tl e chang is trrevertibl 
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EFFECT OF VARIOUS EXTERNAL CONDITIONS ON 
COLLOIDAL STATE 

Our discussion thus far has brought us to a realization of the fact 
that tho reactions which characterize the Imng cell occur in a colloidal 
medium, it has furtlicr indicated the nuans h\ which larious dissolved 
substances get into and out of this colloidal substance Me have now 
to discuss the relation of tlusi two to each other, in other words, the 
aetioii of the various Biiltstamis which manage to get into or are prodiicesl 
m and fail to get ant of a cil) upon this oolloidal inatriY and, eonvcr>eIv, 
the effect of the matrix upon the siibstniiere^ cli solved in jt 

M’^c can sum up the problem involved from our special viewpoint b^ 
discussing the effect of tnriouv external ronthttons upon the physical stale 
of colloidal malertal Mliat is said under tins heading mav then with 
slight or no modification lie directlv applied to living protoplasm Me 
shall choose for special discussion the effects of a limited number of cs 
tcnial conditions tint an of interest I>ocau<e of their bearing upon phar 
macolog) and therapeutics 

All colloids, including those found in the living animal, arc con 
Tcnicntlv classed, as vve found aliove, into suspension colloids and cmiil 
Sion colloids This classitication is made, as wos pointed out, on tho 
basis of the relationship that exists between the«e colloids and the sol 
vent m which thev hnd themvhes Tho suspension colloids are not so 
intimatclj associated with their solvent as nro the emulsion colloids 
Millie wo can rcadilv eoparitc the solvent from the colloid in the first 
COSO, this is done onlv witli great difllciiltv in the second It is possible, 
for example, to separate in some suspension colloids (the colloidal metals) 
the solvent from the colloid lij suitahlc methods of filtration , in the cmiil 
Sion colloids no such simple procedures suffice If wo take a swollen 
piece of gelatin, for example, it is well nigh impossible to squeeze the 
water out of it bj anj gross mechanical means 

Of the colloids that compose the mass of the animal bodv, the emul 
Sion colloids constitute tht chief bulk In muscle for example, we have 
about 75 per cent water Of tlic 25 per cent of solids onlj 1 per cent is 
ash, the rest is, in the mam, emulsion colloid material 

Of the emulsion colloid material found in anj cell or group of cells 
m the animal organism, the mam bulk is protein and as this has been 
studied with special care h^ Hofmeistcr, Spiro Pauli, Hardy, Wolfgang 
Ostwald, von Schroeder, Haiidovskv, Scliorr, Gertrude Itfoore and mvsclf, 
wo will devote our chief discussion to it In this wav we shall get at 
once not only a simple explanation of many phenomena that arc familiar 
to every worker m medicine, bot valnablo principles upon which to base 
a rational therapy 
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the acid aide Carbonic acid ie> the common product of normal carbobj 
drate and fat metabolism, and, when the normal metabolism waj 

to an abnormal one the tendencj of the tissues to become acid is enor 
moiisly heightened, for in place of carbonic acid much stronger acids arc 
produced 

These facts may be at once tranaferred to our knowledge of the 
pharmacological behavior of many items in our pharmacopeia We can 
see, first of all, why the electrohtes are in general far more active phvsio- 
logicallv than the non elcctrolvtes But vve can go further than this 
That lung senes of physiological reactions which we have found to be 
identical point for point with the reactions of these simple colloids toward 
various external conditions mav now safely be regarded as reactions on 
tho part of the colloids of the cel! toward these sime external conditions 

A substance like fibrin under ordinary circumstances merely swells 
up in vvater, it constitutes a scmi olid mass The same is true of gel 
atm at lower temperatures A\e can without overstatinc tho case, make 
the behavior of tinv fragments of fibrin identical with the behavior in 
certSin directions of individual cells Tiny fragments of fibrin have 
the consistency, the pliability, and the pjwcrs of water absorption and 
secretion that are possessed bv the individual body cell® say, for exam 
pie the red blood-corpusclts Fibnu behaves therefore, like the olid 
constituents of our bvdics \ mass ol fibnu or a gelatin cake behaves 
not unlike a mass of animal cells Id ccrttiu directions a mass of gel 
atm behaves like a muscle, an eve a kidney, or a brain But such scmi 
solid structures do not compose all of our bodies Permeating these, we 
have streams of liquid colloid matenal called the blood and lymph, that 
are kept in constant motion by the heart the pressure of muscles upon 
the vessels the aspiration of the thorax etc have been content lo 

speak of these circulating streams, thus far in their relationship to thp 
bodv cells, as identical with tlie pond water thit washes about our primi 
tive ameba And this remains true but them is one important differcne 
between the pond water and our blood and lymph This depends upon 
the fact that pond water is practically free from colloids , it is to all in 
tents and purposes plim water m which sunc cry stalloidal electrolytes 
and noD-oIcetroIvtcs are dissolved Plootl and Ivmph on the other hand 
are high in colloids The w itcr in pond water is essentially free la 
the blood and lymph there is no free water all the w iter is held m 
combination with tho colloids found m them and the electrolytes and non 
clectrolvtis of the blood and lymph are carried in this colloid water 
matrix 

The blood IS essentiallv liquid in character It corresponds in its 
Wiavior not with a solid cake of gelatin but rather with a solution of 
gelatin not with a mass of solid albnmm like fibrin but with a dis<!olved 
albumin like egg white a globulin or serum, albumin Let us ask, there- 
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Inctcria nnd the cclU of lii^licr plants, nlTict tlio 8tn«L of taste, infliieuct 
chomotnxis (Garret), fiuor tlie absorption of «ntcr ammal and plant 
tissues, faior proteolvsis under the infliienec of ptpsm, etc arc safe 
m bcIjoMnp, tlicreforc, that the point of attack of tJie acids is the proteins 
in the tissues, nnd that tlie> iiillticnce the inrions hiological phenomtna 
considered b\ chan™iii„ the state of these colloids in the same \\a\ that 
the^ change the state of onr gelatin or Ahrin 

The spelling of gelatin or fibrin in nn> acid solution is reduced 
through the pnsence of nnj salt, c\in a mittrnl s lit f>o, if add sodium 
chlorid to a hutio acid wdiitinn, iho gtiitin or nhrm conttiineil in this 
imdinra will not ah orh ns iiukIi water ns when the silt is not present 
I he more s ilt we add, the inon is the suilijiig of tin colloid ridneed, and 
if wc add tnongli the swelhiip, imv bt atoppid entiriK 

^MlIlo m giiicrnl the ob cr\at«ms inuitionid in the forigoing para 
griplia are correct, their interpretation is ddhcnlt because the older tx 
ptriinonts were not pcrfomic<l with i o-dictrie gelatin or fibnn, nor was 
the bjdrogtn ion eoiKontration of the solutions dctinnmcd As nien 
tioiiid nboic, I.ocb has shown that pnildiis coinhino stoichiomotncallr 
with ncids and alkalis 

But the difTcrciit salts arc son iine«iinlh cITectiic in this regard If 
wc. compare a senes of cquitnolecnlar salt solutions sai sodium salts, 
nnd at a cononitration that wo arc Iikeh to nieountcr under phisio- 
logical or pharmacological conditions, it is found tlint the«c arrange them 
elves 111 a characteristic order Ihc chlorid, hmmid, nnd nitrate reduce 
the swelling of gilatm or fibrin m nii ncid solution less than do the 
sulphocaaiiate lodid or neefate, oiid these loss thin the sulphate, phos 
phnte tartrate, or citrate If, on the othtr hind, wt compare a senes 
of silts haling a common acid, «ai n series of chlorids, tlie metallic 
tlemonts in these salts assume a chnnictenstic order Vminonium, potas- 
sium, nnd sodium stand mar each other, far mom powerful than these 
arc mngnesunn, calcium, barium, and strontium nnd let more powerful 
are copper and iron 

Wiun compared with the powerful effects of the electrolytes, the 
non-tlcctrolites haic hut little effect in rftlucing the swelling of gelatin 
or fihrm in an acid solution The nramint of water absorbed bi a given 
mass of gelatin or fibrin in n given concentration of acid is practicallj 
uninfluenced through the addition of urea or cthil or methyl alcohol 
This is also tnie of gliccnn, dextrose, saccharose etc, in the lower con 
centrations, though in higher eonceiitrations these inhibit (he swelling 
of protein colloids in an acid medium Tlit same is true of the effect of 
noii-clectrolytes on the siulhng of gelatin or fibrin in an alkaline medium 
The reason why we lay stress upon the behaiior in an acid medium is 
because we are cbicfly interested in tho carniiora, and the whole chem 
istry of these animals tends to run the reaction of their tissues ovtr toward 
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A practically identical senes of findings has been established for the 
effects of alkali and of alkali pins aanons electrolytes and non-electrolytes 
on liquid protein 

It 13 readily apparent from these remarks that the changes in the 
viseosity of a liquid protein and the absorption and secretion of water 
b> gelatin or fibrin under identical conditions parallel each other The 
fundamental change underlying both mav, therefore, be looked upon as 
being the same We shall call it a change tn the hydration capaciiy of 
protein colloids What makes our gtlatin or fibrin swell increases the 
viscosity of serum albumin and vice versa What increases the hydration 
of a colloid increases the intimaea of its relation to its solvent and so 
the stability of the colloidal solntion It will not surprise us therefore 
to have it pointed out that those conditions which increase the hydration 
capacity of the protein colloids are the conditions which increase this 
stability, while conversely those which decrease this must favor the prt 
cipitation and coagulation of the protein A few illustrations of the 
behavior of protein toward various precipitants and coagulants will make 
this clearer 

The pure serum albumin already discussed is readily precipitated bv 
heat or through the addition of alcohol When a little acid is added to 
the blood aerum the hvdration capacitv of the colloid is increased and 
corresponding therewith its prccipitabihtv through heat or alcohol is loat 
But if yet more acid is added the hydration optimum for the protein la 
exceeded, and now the heat and the alcohol again regain their power to 
precipitate the protein In a aimil ir way the protein that has lost its 
prccipitability through heal by having an acid added to it has it restored 
when any salt is added yust as wc previously found this to decrease its 
hydration capacity 

In this way wt see liow a senes of reactions in certain protein colloid* 
which at first sight seem to have nothing to do with each other all come 
to be reducible to a comparatively simple series of change* And so we 
al«o see how apparently widelv separated and unrelated physiological, 
pathological and pharmacological phenomena all come to he the evpres 
sions of the same simple underlying colloid truths The mercury salt 
that kills bacteria makes the tears flow and maybe blinds an eve that 
kills in the same way some of the intestinal flora produces a diarrhea 
and perhaps a coagulation necrosis of the mucous membrane, is only an 
chctrolvte that is peculiarly powerful in making the hvdratcd protein 
colloids which wo find m the body give up their water and suffer the 
optical and solubility changes that go with this proces* And the changes 
that characterize a glaucoma a nephritis or a generalized edema are in 
the mam only the expression of an increased hydration capaoitv of the 
tissue colloids involv^ and can be relieved by using those same elec- 
trolytes which wo found especially effective in decreasing the hydration 
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fore, Low eucL a solution of a jirr>Uin colloid under ranous ci 

tcmal conditions Lor an amucr to tins qiir !ion vc arc esp^ciallv 
indebted to Franr Ilofincistcr, Molfpan;? I’aiili, "W U Hardv, P tod 
Vlirocder, Hans IlandfnfLv and K ^lorr Mb»n wt df^l with sneh 
liquid cfilloids V.C cannot use the cLaracten tics that sened us m a etndr 
of pelafin and fibrin. Die ab<u>r})!ion of «hff r, for cxainpb , b' a p»latin 
plate can U acfuratc!\ followed L> wti^Lin^ the plate, m the caw of 
fibrin wt can in*astin tlit lui^it to wliidh W(if,bfd qiiautitu'S of this ful-- 
stance rise m pla a tiiliea of a standard diamettr In the caw of a colloidal 
solution we ma% uw* ehanpea in its visco^ilt, thanpes in lU precipitabilit' 
or coapulabilit> under tht infinenceof luat or lanoiis th-ctroliUs and non- 
th-ctrolxte* or chanprs in its optical Uharior Mhile we shall learn 
lattr that all these art inea urta of tin sami ttjx of chanpe in the colloid, 
thtv properties art induidiiail^ of siitli ^at biolopical and lli'rapenfic 
importance that thtir individual tIisctis«ion is not without value A 
change in the vi cositv of t!i< Ih^ con fitntcs one of tht preat varialles 
m the circulation which dett nniiit s how much work thf heart must do to 
keep this fluid tirculatinp pretipitahilitv and codpulahilitc of the liquid 
colloids of tht Isjdr art with llit production and aW’rption of 

ctimeal opacities tht thanprs lucidtnt to txjristirt of parts of the bodr 
to heat and erdd iht ph( nomcna of hl<v«d and Iviiqd) coapulatim the 
optical prtijicrtics of a colloid ftdtifion are aswttiatt^ wiiIi the mainte- 
nance of the norma! and tht c«tahliihm* nt of abnormal indices of rt^ 
fraction in the clear metlia e»f ihctvt 

Molfpanp Pauli bas studied a verv pure liquid alloimin b> working 
with blood strum from which the various admixed crvslallojds have been 
removed throuph long diahsis of th* 1*1 *«*d arain t di tillt-d wafer *'Uih 
a wlulion 18 perfcctlv clear anl tutmlv stabh If ibc vi«co«itv of such 
a preparation is mea und jt is found to Is con»idenillv hiphtr than that 
of pure water If a trace of and is add'd fbc vusrositv is cnonnouflv 
increaKd- I nt to this ihtrc is an upptr limit In tht caw nf fuch acids 
as bvdrochloric, hvdrobromic, nitric, or sulphune a jmmt is finallv 
reacbfd where a further increaw? in the concrntration of the fleid dcs-s 
not further increase but decreases tht viseositv For tbc weaker organic 
acids no such optimal ptunt has vcl U<n found. 

The addition of anj salt to an andifitd alliumin marktdlv reduces 
the vTsco itv The addition of a non-clectrolvtc is oon^picuouilv ]<*• 
effective in this rt pard- Mitli tht same salt llo depret of rtduclion of the 
viscosity incrtaw^ with tvtrv increaw in the mnetutration of the add'd 
salt With a pvtn eoncnitratjon of anv gtrit-s of salts vtn different 
tffi?cts are obtained, ‘v* for cxampl*-, whtn widiiim salts art compared, 
tbe cblond, nitrate, and sulphocvanafe are found to hr It s prjverfd in 
reducing tbe viscosity of an acidified albumin solution than the acetate 
or sulphate. 
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A praeticallj identical series of findings has been established for the 
effects of alkali and of alkali phis vanous electroljtes and non-eleetroljtes 
on liquid protein 

It IS readilj apparent from these remarks that the changes m the 
viscosity of a liquid protein and the absorption and secretion of avatcr 
by gelatin or fibrin under identical conditions parallel each other The 
fundamental change undcrl3ing bodi ma> therefore, be looked upon as 
being the same We shall call it a change tn the hydration capacity of 
protein colloids What makes our gelatin or fibrin swell inertascs the 
\ iscosity of scrum albumin, and vice aersa hat increases the hjdration 
of a colloid inereises the intimacy of its relation to its solvent and so 
the stability of the colloidal solution It will not surprise us therefore 
to have it pointed out that those conditions which increase tlie hydration 
capacity of the protein colloids are the conditions which increase this 
stability, while, conversely those whicli decrease this must favor the pre- 
cipitation and coagulation of the protein A few illustrations of the 
bchaviorof protein toward rarioiw prccipitanta and coigjilants mlJ make 
this clearer 

The pure serum albumin already discussed is readily precipitated by 
heat or through the addition of aloohol ITIien a little acid is added to 
the blood serum the hydration capacity of the colloid is increased and 
corresponding therewith, its precipitabihty through heat or aloohol is Inst 
But if yet more acid is added the h^dratmn optimum for the protein la 
CToeeded and now the best and the alcohol again regain their power to 
precipitate the protein In a simihr way the protein that has lost its 
precipitabilitv through heat by having an acid added to it has it restored 
when any salt is added, just as wo previously found this to decrease its 
hydration capacity 

In this way we see how a senes of reactions in certain protein colloid'’ 
which at first sight seem to have nothing to do with each other all come 
to he reducible to a comparatively simple senes of changes And so we 
also see how apparently widely separated and unrelated physiological, 
pathological and pharmacological phenomena all come to he the erpres 
sions of the same simple underlying colloid truths The mercury salt 
that kills bacteria makes the tears flow and maylx blinds an eve, that 
kills m the same way some of the intestinal flora, produces a diarrhea 
and perhaps a coagulation necrosis of the mucous membrane, is only an 
electrolyte that is peculiarly powerful in making the hydrated protein 
colloids which we find in the body give iip tbeir water and suffer the 
optical and solubility ebanges that go with this process And the changes 
that characterize a glaucoma a nephritis or a gincralized edema are in 
the maiu only the expression of an increa ed hadration capacity of the 
tissue colloids involved, and can be relieved by using those same elec 
frolytes which wo found especially effective in decreasing the hydration 
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of thc«e same bod^ proteins upon wliidi aji> one ma^ work m bis 
laboratorj 


EFFECT OF COLLOIDS ON CRYSTALLOIDS 

The prcMoiis panf^raphs dealt m tlit mam with the cfToct of aanoiis 
CTtonial eonditioiia, iiutabt> \arioiis crystalloids, upon the state of the 
c-olloida th It lire of iiiijxirtaiiei in the Ixwls \\ e m i«h now hnefli to point 
out tlic fact that coUouIk n/«o affect the slate of the crtjslallouU that are 
hroiipht in eontnet with tlitm iniiis problems in pathology and pre- 
Mtitne incdiciiu on associatid with cliaiiges m the solnbiliti character 
istics of Miriotis siibstjiieeH found in our tis lus niid their secretions, that 
I brief rtfirincc to this problun is not out of the way Not onU is a 
normal or abiionnal fumiation of Ixuie a priiblun of this Jnraettr, but so 
IS tilt formation of eontrctions in llie brain in the ^.a!! bladdir, in the kid 
ne% or bladdtr, or th< dt position of urat<« etc., m the joints 

Wolfgang Pauli and ^! Sninet hast made a careful sfndv of the 
solubility of larioiis siibstaiK'os in colloidal protein solutions as cnmpareil 
with the solubilita of the < sanu siibstuiicos m water In geticnl it mat 
lx sjid that till solubilita of rasils soluble elertn>lyics is shghtU decreasid 
through the pri«enoe of colloid material, while the soluhilits of difticulth 
soluble sub-^tancis IS on the other hand often \ era dccidcdlt nicrta«ed 
by tins mrans flie romornl or a change in the Stott of tht colloid coii 
stituciits of a lioth tissut or a l«od\ fluid be tins wrniigbt through bnetcrin, 
a dietary ngime or a phannao*>logical pnparation, ma>, therefore, be 
followed b\ con«c<]ucnc«s wlncb, on tin one hand, difenninc the relief of 
a rickets, the prcicntion of an attack of gout or the pretention of the 
formation of a now set of kidnet atoms, on the other, In the hasttning 
of an arteriosclerotic proitss, or the deposition of more urates, bile salts, 
or eartht phosphates m the form of stones 


SURVEY OF APPLICATION 

Wo have laid special stress thus far upon the application of an 
isolated number of plivsicocheinica! eoiiccptious to the induidnal cell 
■\\ e have now to discuss these conceptions from the standpoint of groups 
of cells for instance as in such a midticenular organism as man Vc 
will find that the same laws are operatne here, but some have ncquire-d an 
exaggerated importance, while others are hidden Ixliind the complicating 
circumstances that spring out of the fact that the cells exist no longer 
indnidiially, but in groups, and that special arrangements have been 
introduced to make life m such largo groups possible We no longer 
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deal with the individuil, hnt -with the society made up of individuals 
and, while the phjsiolo^ of the 'whole is still only the compound 
pliysioloj^ of the individuals, these individuals have so specialized m 
their work and haie introduced such new schemes into their collective life, 
that this at first sight seems different from that of the individual who 
went to form the society But it is not A second fact that must hare 
hecome apparent is that we have not been able to hold clo^elj to our 
subject of therapy but that wt have found it necessary to move rapidly 
and easilj between the realms of pure chemistry and physics and tho e 
of physiology pathologj and pharmacolc^ The reasons for this are 
obvious No real distinction exists between these realms A therapy 
that involves discussion of so simple a matter as the role of sodium chlorid 
in the diet cannot be handled in any isolated way we must know the 
role plajed by sodium chlond and the thcorv of its action m normal 
phvsiolog} before we can intelligently discus* the effects of its elimination 
or Its addition to the diet under plivsiological or pathological conditions 

Let us now see what use mav bo made of the principles discussed 
in the preceding pages when we deal with so complex an organism 
as man We will begin with the role of water in our everjdav therapeutic 
procedures, for as we shall hml behind the biochemical behavior of 
water there is many a problem that at hrst sight appears to have nothing 
to do w ith this 

Role of Water — Wc ordmanK take the metabolism of witcr in the 
body largely for granted According to his desires, the normal individual 
consumes per day several liters of water or liquids containinj, water 
and after a comparativcU hort latent period ho again eliminates this 
water in the form of urine sweat or through the breath ^\ater has 
gone into the body and come out again, and the bodv is to all intents 
and purposes unchanged 4nd this is why we are so hktly to ignore 
entirely this most important function 

From these simple statiinent* let us remember hrst of all that wc 
get a urinary output (or an output of water from tho lungs or the «kiii 
if the temperature is high) that is proportional to the amount of water 
consumed The fact that the law of tlie con«crvation of matter and 
energy works for water as for any other substance introduced into the 
body is overlooked all too often in our daily practice A\hen wo wisli 
more urine (or sweat) we mnst give more wvter and other things 
boiiii^ eqiiil we shall get this m proportion to the amount of water 
consumed TMiile a cry for more urine is heard duly in every hospitvl 
the fict that we can obtain it only by givin„ more water to our patient 
18 as constantly ignored Only water will yield more urine It is the 
one and only diuretic The snbstantes that wc call diuretics are such 
only beevu e tliev aid in snpplving water, as we «ball see shortly 

The loss of balviicc between the intake of water oni the elimination 
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of ^\ntcr from flio lio(l> represents a pnlliological state When ^\afer is 
retained in the hoiU we call it edcraa The opposite state la ropre«ented 

an abnormal lo<>s of vator from tlie )>od>, and is not so imicli dis 
ciisscd Wiy baa the normal boilj so constant a content of Miter, and 
what has hapj>encd mIich a patient his dcvilojicd an eilema or lost an 
abnormal amount of Mater? What principles must guide ns in the treat 
ment of the tMo last named conditional 

The absorption and scctetion of uatcr b\ all cells and ti«siios that 
ba\e l)cen examined tiiiis far bare been found, point for point, to l»c 
idonticil botli from a qnalitatuc and a quantitative vicMpomt, Mith the 
absorption and secretion of Mater bj such protein colloids ns fibrin, gel 
atm, or «crum albumin Our nmeba has n certain size under normal 
eoiiditions in its pond m liter Tins is identical Mith the amount of vntir 
absorbed bj a flake of fibrin placed in ottltnarv water If we odd a 
littloneid to the pond Miter tbc aiiicbi smcIN, or, if mc add salt, it shrinks 
This again is identical Mith the bebanor of the fibrin flake in a dilute 
acid or in a solution of salt 

A comphx organism tike a liiitnan liemg l>ebnies in (ofo like the 
imchn Under normal circumstances it Ins i certain water content 
Mhich MC cannot increase or decrease b> the givin^, of Miter alone, any 
more than mc cm increase the amount of water litid by the omeba 
by increasing the size of the pond in Mbich be sunns 

The human Wdi is a system of colloids tint is saturated Mitli Mater, 
nnd mere uatcr dritiking for tTamplo, Mill not increase the amount of 
Miter tbc«c colloids Mill take up 

lIoM cm MC produce au cilcmal W^e can produce this only bv in 
creasing tlic cipicity of the tissue colloids for Mnfir, so that uben Mater 
18 offered to ibem tbev Mill B\^cll Ibc conditions that Mill thus incrci c 
the Miter cipaciti of colloids arc \nrioiis In the ca e of the prottin 
colloids Me found that acids ire particiilnrlv potent, nnd sn arc tlio 
lanous proteolytic enzimcs Under the influence of an nhnornnl acid 
(or an accumulation of other substBiiccs that arc capable of men ising the 
hvdntion c^paclt^ of the tissue colloids) mc miglit tlicrcforc if a source 
of Mater is aiailablc, expect (o hn\e a xentor retention occur The 
body colloids miU ewcU, m other words an edema will tesuU That 
such IS tho ease his been pro>c<l by mam experiments Not onh Mill 
injection of acid into an animal lend to the development of a gcncralizeil 
edenn, but the vinous conditions that arc known to Icid to a Mater 
retention in the body are nil sucli na have ns oented with them an 
abnormal production or accumulation of acid m the tissues, as, for 
example, heart disease, respiratory disease blood xes«ol disease, passive 
congestion, intoxication Mifb anesthetics intoxication Mith certain metals, 
intoxication Mith the toxins of many infectious diseases etc On the other 
hand, we have learned methods by which mc cm decrease the capacity 
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of the tissue colloids for water So notablj, wc found that the vanous 
salts are active m this regard We have normally a certain salt con 
centration m the bod^ If we ncrease it the tissues give up water and 
the whole body loses weight, eractlj as does our ameba when we drop 
him into a salt solution of a higher concentration than pond water In 
the same way wc lose water if hvpertonic salt solutions are injected 
into our blood vessels, if we take a cathartic salt or if we try to subsist 
on sea water 

Ad abnormallv high or low water content may involve the whole body 
or it may involve predominantl> onl^ a single organ or ^et of organs 
It mav last a long time as in elephantiasis or only a short time as m 
the loss of water following a cathartic The ahnoimallj high water con 
tent of various organs has on the whole the greater interest This is 
the prominent sign in many a specially mmed pathological condition 
^ 0 , for evimple, in the edema that affects the eje (which we call glan 
coma), in that which affects the kidnej (which we uall nephritis), in 
that which affects the pirenchvmatous organs (which we call cloudy 
swelling) The important point id all this, from a therapeutic basis is 
that just as we can reduce the normal water content of cells and tissues 
bj various solts, so can we reduce an abnormally high water content in 
these edematous states and by the same means The salino oathartii. 
that makes the normal body give up water will also make the edematous 
bodv or organ give up water, and here we have a rational explanation 
of the beneficent effects of the long-established therapeutic use of these 
cathartic salts in edema But the ctplanstion of how they act has been 
lacking We have been m the bsbit of saying that a cathartic salt 
makes for a secretion of water into the bowel and so for a loss of 
water from the edematous tissues It is mom correct to say that the 
salts diffuse into the tissues, which then liberate water This ‘ free 
water comes out cither through the bowel or through the kidneys And 
now we set too whv the salme cathartics have so long been identical 
With the saline diuretics Thev act on the tissues with which tbev 
come directlj in contact (howH nnd kidney) and they nI«o act on all 
the other tissues of the body an action f|into as important as that on the 
bowel and kidney alone for only in this way is free water rendered 
available for elimination bj these Bccretorv oi^ns (sec page 43) 

The elcctrolv'tos all decrease the capacity of the tissue colloids for 
water As sodium ehlorid is one of these wc shall bo unable to sub- 
senbe to the idea that a restriction of this salt in the diet is right when 
we arc trying to reduce the cdtmn in a patient Sodium cblorid should 
on the contrarv bo iirgeil upon the patient in his food between meals 
and if necessary it should be given him hv rectum or intravenously 
Wliother wo deal with a gtncralircd edema or with a local one the 
principles underlying its relief are always the same Therefore we shall 
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not be snrpriecil to find that, just as «odiimi citnte will mate tbo 
iiiti''tmal mucous iiicmlirme gnt. uj» water, it will aho, when injected 
«nl)Conjunctualh, matt n gliucoinntoiis cm •'? "ftter, so relieving 
the t,l luconn Or, if a kidnei lias cca«c(l to fimctionate liecauee of a 
pregnanev intoxication or the action of an anesthetic or the toxm of an 
acute infectious disease, this max usuallx bo relieved hj injecting sodium 
clilond (and sodium oarhoiinte to ticiitmlixe ncid) intraicnoualy in h) 
pertonic solution This makes the ktdnox colloids shrink, and the de- 
crease of swelling, allows the kidiiex to pet a normal blood «npph once 
mure IJi acting iiikiii the (demntoiia bniiti, the cdonatotis optic nerves, 
and the bod\ tissues gincrallx, it reduces the hcadiche, xomiting blind 
ntss and the tdemn of the bodx tissues pintrnlU At the same time 
tile water freed in this wa^ lx comes aMiItblc for urine, and the urinan 
output ri«c 

\\hilc treatment of di eases associaleil with edema maj he attended 
frequenth with success when conducted aetordinp to the principles out 
lined III the preceding pirnpraphs, ctrlaiti reerxntions should he men 
tioned Tin mochnnisin which maintains the acid hiso equilibrium in 
the boilx SO con tuiith at a reaction between 7 8 and 7 0 can admit of no 
acid changes within tlio cellular sxstems jn anj wn\ comparable to those 
employed in the gelatin and fibrin swelling txpcnmeiits That changes 
in pll within the tell, outside the range rnnmtnincd in the blood and 
Imdy fluids max occur is i)os>ibIc, and max in turn account for certain 
dropsicil conditions cneoimtered in medical practice Furthermore, xvo 
should not lose sight of the fact that no matter liow much sodium bicar 
bonate xxe inaj tike bx mouth, or inlravenouslj, the pII of the blood 
and bodx' tissue romiins ncarix constant, nl«o in prnctico wc rarelv 
find eases xxitli edema that have the bicarbonate content of the blood 
markcdlv reduced If we grant that within ttlls a more acid reaction 
max dcxclop than is found in the IxhJx fluids in general, the neutralization 
of this acid maj lie supiw ed to take pi ux more rcadilj* xxhen the 
concentration of bic irbonate is rais«l thercbx leading to greater pene- 
tration power on the part of the nlkdi We are not jet ready (o admit 
of the jjtneral applicition of principles outlincHl, for it is a matter of 
clinical experience that certain cases of renal disease xxith edtma arc 
nude x\or«e when large amounts of salt, bicarbonate and xnfer arc given, 
instead of lestnction of these substances 

In this connection it is xxell to emphasize two more points The first 
of these is the reciprocal relationship that exists between the various 
secreting organs of the body Since the sine qua non of cverj secretion 
18 the obtaining of free xxater, it is dear tbit, if xxt use this up for one 
bccretion, xvt cannot have it for another — a point that is frcqnentlx lost 
siLht of If x'C xvish to have urme from a kidncv we cannot expect it 
if v,a are robbing the bodj of all its free water bj sweating our patient 
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(unless wc. cover this bv watt-r) or, if we are robbing the bodj 

nf niter through a secretion into the bowel ne cannot at the same time 
have the water for iirinarj ontpnt or sweat 

If these physicochcmieal conceptions are correct, then we have also 
an insight into the tluiretic’ action of sanous pharmacological products 
The caffein dernitncs and digitalis will sent is good evimplcs 
\\c haie alreadj cmphisized the fact that onlj 'free water goes to 
the formation of anj secretion These diuretics cm act therefore, 
onh because thev furnish free water Tins they do bv increising the 
force or the frcqutne;y of the heart beat and the depth and rapidity of 
respiration In this way there is kept m contact with the bodj tissues 
1 blood higher in o'vigen and lower in cirbouic acid than is the case when 
these drugs have not been taken By this means tbe normal (or abnor 
mn!) acid content of the tudues is r^uced in consequence of which tlie 
liydration cap leity of the tissui colloids is decreased ‘ Free water is 
then given off to the blood, which may then escape as unno (or as some 
other secretion) 

Convorselv, wo may expect a drop in all the eeretions and a rettn 
tion of water if wo oUo aiiv drug that has on oppo itc effect Tho anes 
thetus, alcohol m lar^iC ntnownfs atropin morphin etc are examples of 
this class These all permit a greater than normal acciimulation of cir 
Ionic (and other) acid m the tissues and correspondingly flie^ will de- 
urease the output of urine create thirst lead to constipation, check sweat 
ing etc At the same tim« we learn from these simple fiefs tbit a 
reciprocal relation exists between iht matter of water absorption and 
water secretion — the one is a mirror of the other, and that which faiors 
the one at tho same time hinders the other 

Whit we liavo said holds tor tho ill as for the well bodv In con 
eluding these paragraphs it js onJt ne<x>.sary to point out tbit while m 
tho ameba we deal with a mass of colloid material so small that secrc- 
tioii or absorption affects the whole this does not follow m the ca f 
of so largo a colloidal ma s ns tho human being Hero ono or^an 
or set of organs maj be busily ab«orbing water, while anotlier is equillj 
bus^ giving It up \ few wrnls nganling this are of thcripeutic 
interest 

Tho problem involved is clearly presented to us under physiol igical 
conditions in that almost anj amount of water wc chooso to consume is 
absorbed from our inte tinal tra t while an equal amount (<kin and 
lungs Ignored) is given off tlie kidnevs \Miit is the intelniiism that 
nceompli«bf9 this? 

Let us first ask what happens to the swdlowed water and how it 
goes to form unne A^hat have these problems to do with our amebi 
swimming about in its pond? 

I\e havt already paralUleil the general proees is of water absorption 
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and water secretion in the nmel>a with the IiehaMor of n fibrin fiike im 
dor similar condition® Ilie nineli'i is a spherical mass of colloidal ma 
tcrial that is «stiirntcd with wafer, and, thronph changes in its plnsico- 
chtmicnl stirroiindings, or fhroiif,h direct changes in ita own chcniicil 
eompoaitioii, it at times takes up water (aWrption), at times gives up 
water (secretion) Ihit in a miilticdlular organism the phenomena of 
water absorption and secretion that confront us do not at first sight seem 
to he intcrpretnhle on nn\ such simple basis as that ontlmeil for the 
nmeba In man, for evample we find whole, organs set apart, and seem 
iiigK enilowed oiih with powers of nlisoqdiem, while others are appirentlv 
set apart to fnnetionate otih as seertton organs It becomes Innl 
for example, to «ce just wbnt rclnfionship exists between a mucosal cell 
of the small intestine, concerned almost exeliisieelv with an absorption 
of water from the lumen of the gut, or a Icnlncj cell concerned eejuallj- 
exelusiveh with a secretion of urine, and the nmehi which now absjrhs 
anil now secretes water either in re>spon«< to its own phesiological eles 
mands or under the eejnehtiyns with wJiieh expenmentaUr we are? pltisril 
to surround it \n<l ^et on do or analvsis the dilTercncc between the 
two 18 not so striking 

First of all we appreciate flic fact that the miieosil coll is on ol> 
sorbing cell onl\ so long as we le»k at it from the side of the lumen of 
the gut If we regard it from the bloodvessel sub it is a secreting 
cell, for wliat it absorbs from the pit it gives up to the hlooel Similarly, 
the kidnoj cell is a socrctiiip cell oiil^ becaU"^ we u«uallv look at it 
from the point of view of being a proeliiocr of urine, as a matter of fact, 
everything that goes to make up the normal urine was nb^rlieil from 
the blood But, even if we look at the matter from tlie narrower point 
of view the intestinal cells under certain circumstances liocome secreting 
cells, in that thoj secrete sulwfances into the lumen of the intestines, 
and, according to judgment of some authors, certain kidiirv cells inav 
reabsorb materials that Lave been secreted bv others In e® once, tlicre- 
fore secretion and absorption in the higher animals arc not different 
from absorption and secretion as obsencil m an nmeba That which 
remains, therefore, to charactenie absorption and secretion in the higher 
animals is merelv tins that, under normal circumstances and from 
the point of view of the organism as a whole, absorption and si>cretinn 
occur prcdominantlv in one direction \Vhat require special analvsis 
are the conditions existing in the inulticdlular organism which make 
it possible for certain cells and tissues thus to act prcdominantlv 
as absorbing sjstcms, while others act predominantly as secreting svs 
toms 

Let us see if we cannot define in general terms what must bo the 
conditions lying at the bottom of this predominant functioning of certain 
cells and tissues m one direction, and do so on the basis of our belief 
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that the colloidal constitution of the Ining cell is pnmanly responsible 
for the phenomena of water absorption and secretion by the tell 

The ameba, or an isolated cell or tissue derived from a higher animal 
kept in a solution of anv kind is surrounded bj this solution on all 
sides Could we imagine the chemical proce««es within tliese cells held 
in abeyance, then we could see how these cells would after a time get 
into a state of equilibrium i\ith their surroundings ^Vhen this is brought 
about the cells neither absorb nor secrete water Only as this equilibrium 
IS disturbed, cither throUg,h changes in the surroundings of these cells or 
through the specific chemical changes occurring in the cells, can we 
evpLCt a renewed absorption or secretion 

Under quite different conditions do we find the individual cells of 
the multicellular organism existing in the intact living body ^^^ll!e 
in 3 certain sense the internal activities of the ameba may be compared 
with tho'O of the individual cells making up say, the intestinal mucosa 
and there exi«ta a certain analog\ between the fact that both are siir 
rounded by a liquid mcduim, with thi« the analogy stops For while 
the ameba is surrounded on all sides the same liquid medium the 
cells of anj of the absorptive or secretorN oi^as found for instance, in 
a mammal are with different pirts of their cell protoplasm, m contact 
with cntirelv different media Ibe cells constituting the intestinal mu 
cous membrane are bathed on the one side by intestinal contents, while 
on the other they are bathed by blood or lymph or both together Such 
cells, like aus other absorptive or secretory cells similarlv situated, arc, 
therefore in tlie predicament of trying to get into equilibrium with as 
man} different media as surround them It is in trying to do this that 
all the phenomena which we call absorption and secretion m tho higher 
animals arc produced It is during its attempt to get into equilibrium 
with the intestinal contents on the one side and the blood on tho other 
that the mucosal cell (better the colloidal membrane separating the m 
teatinal contents from the blood) absorbs the intestinal contents and trans- 
fers them to the blood 

The hod} of a multicellular organism such as a mammal is like the 
individual ameba built up of colloidal material, which in the resting 
state IS saturated with water To be counted in with the colloidal struc- 
tures that make up this water-saturated colloidal system of the mammal 
and composing an integral part thereof ore the blood and the Ivmph 
The entire 8}stcm will not take op more water, nor gi\e up an\, except 
as chemical changes are first produced in it which either nicrea e or de- 
crease the capacit} of the tissue colloids for water 

The relationship between the absorption of water from the intestinal 
tract ami its secretion sulisequent]} b} the kidney is easily understood 
when the following is bo'ne in miud The cells of the small or large 
intestine will absorb water onlv if they aro not alreadv saturated with 
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water In con«oqucncc of the carbonic ncul production in tlie c alls, 
the) are nmlcrcd capable of taking np water from the intestinal lumen 
But, ns tilt blood cirtulntcs tbrougli the intestinal mucous intmbranc, 
tlto cirlviiiic acid ditTiisea mtr info it Two cliansn-S follow tins hrat, 
the capicitv of tlio colloids m tlio imicotis membrane to bold water is 
dimimshed , and, secondh tbc capacity of the blood (wliicli we hnie said 
rtprc«cnttd a water «nturatcil oolloidfll solution) to take up water is 
at the same time increa«ed A niitiiinni cajculation shows that a liter 
of blood m jiissiiip tliroii|.h tlio mtostitial tnct, wlitrc it tlniiges from 
artcrnl to ^riious Maid is made cipiblc in tins wa^ of taking up at 
leist 17 5 cubic centiniefers of wafer As long ns tlie circulation is 
mnintaincd, and us Ion;, ns the cells produce carbonic acid, tlic intcs 
tinal tract must tlicrtforc, air-orb water if tins is made iiMiilable b\ 
being in the lumen of the gut 1 ridontls tbc biglicr tlie carlxinic acid 
(or other ncul) content of the blood, flit Utter absorbing nioilium for 
water mn t it Ucome And o we are not surprised to note that water 
IS best «b orbed from the large bowel wliirc ibo blood lus a nio«t bigbl/ 
senous clnrictcr and lc«s well from tbc small intestine, where this is not 
so nnrkcdh true \\ iter nb orption from the stomacb is scarcely pos 
ihlc, for this IS so richU supplial with 'irternl blood that its acid content 
scarcely sarios 

Just the rever e CdUelitions arc iioec« ar\ jf we nre to obtain a socrc* 
tion of water A socrotioii cm K gotten onle from urtenul blood, that 
IS to Sis blood low in cirUiiio (or other) acid Iht \cnous blood, 
which has grown rich in carbonic acid and water in its passage through 
the intestine loses the carUmic acid (as CO ) when it pis«cs into the 
lungs ^\hen this happens the colloiels of the Mood can no longer hold 
all the water the) had ab orbed so it becomes “free ’ This arterial 
blood with its free water pisses to the kidnp), mid hero tho free 
water is eliminated as urine 

^\e are not surpri ctl on this basis to find that during ab-olute starsa 
tion the secretion of urine ex?iscs (practicalh) ciitireh If tho colloids 
of the bod) as a whole are sitiiratcd with water, none is left o\er to be 
secreted Onl)" as the tissues undcigo a gradual consumption during 
starvation, or their colloids suffer changes which decrease their capacif) 
for holding water, is an) libcritcd to become nsnilablo for secretion 

On the other hand, as we hare alrtid) pointed out, if an animal that 
has its bod) colloids satmated with water consumes i quantity of water, 
after a time an amount of imne (or sweat or breath moisture) is se- 
creted which is equivalent to the amount tbit has been drunk It docs 
not matter bow tins water yeas mtrodutcd into the organism It jiiav 
have been swalloyycd or introiluccd through a stomach tube info the gas 
tro intestinal tract, or it ma) have been injected into the peritoneal car 
ity under the skin, or directl) into the blood But let it be noted that 
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tbe diuresis occurs only in proportion to the amount of “free’ water 
present, in other words, as water not combined with a colloid 

The correctness of the e ideas is at once prored when we make the 
experiment of injecting intraTenou«h in place of a physiological salt 
solution an equal Tolume ot a solution in which the water is not free ’ 
hut combined with a colloid (that is in the form in which it exists in 
the body cells and fluids normallj) Under such circumstances no m 
creased water «ecretion in the form of urme (or sweat) results ^\hLn 
blood or bloo<l serum or \ gcKtin solution is injected intravenously no 
increased urinary output follows 

These fxets arc of considerable therapeutic worth We have empha 
sized the fact that, if wo would {,ct aii> uniie (or sweat) from a pitunt 
wo must hrst hate all his tis ue colloids situratcd with water After this 
has been accomplished wc shall obtain from him a urinary (or sweat) 
output onlj as we have administered water over and abote the amount 
neecasarj for the situration of ail his colloids Then we shall have a 
urmorj output that is m proportion to the amount thus introduced The 
blood la not that fathomless well for urine that maaj clmicians imagine 
It to be 

let us oak now what happens so far os urinarj secretion is concerned, 
i£ wo introduce with a gittn quantity of free’ water varving amounts 
of any salt In discussing the absorption of water bj protein colloids 
wo found that all salts decrease tho capacitj of tlicse colloids for holding 
water "W e are not surprised, therefore to note that if we inject progres 
sively stronger sodium chlorid solutions intravenously we get (with a 
constant amount of water injection) a corresponding increase of urine 
It ordinanl} said that such salt solutions Btimulate ’ the knlnej 
Aside from tbe fact that the word s/«mufa/ion means nothing this h 
too narrow an interpretation of tho case As we give progressneh 
stronger salt solutions, we increase more and more the concentration of «aU 
in the bodv tissues which then give up water This water is free and 
adds Itself to the free wafer that we have introduced therefore we 
have a greater amount available for secretion os urine, sweat etc 

AMiile sodium clilorid irnkis a piwtein colloid give up water, other 
salts like sodium phosjihafe, soilmra siiiphato sodium citrate magnesium 
sulphate magnisium citrate etc act far more powerfully in this dircc 
tion It is because of tbis more powerful action that tIio> aro called 
the saline diuretics Their behaxior is to bo explained in the ame wav 
as the behavior of sodium chlorid — tbe> make the tissues of tho body 
yield up water 

Tho list of these saline diuretics is identical with tho 1: t of tho 
sahno cathartics The reason for this is obvious The aline cathartics 
do to tho gaxtro-intestinal tract what they do to anv protein colloid as 
1 Ilofmcister first showed In spite of the many complex explanations 



48 SOJEF PinSTCOCnFMICAL IN TIIFTIAP\ 

of tho nction of tlio cathartic salts that Im\o l)Con ndvancoj since 
ITofmcister’s vork, v.c are dc«it»nc<l to accept his explanation 

^\o hn^o now to look at our problem from another point of new 
hilo sometimes wc desire the bodj colloids to giie np water, naturo 
at times funiiMios pathological conditions in which we desire just a 
rc\crso result 

W e can illnstrnto what is meant lij referring to tho problems pre* 
•sentod l)v such conditions ns hemorrhage and shock Tho two conditions 
are mentioned in the same scnteiiee not alone l<eean«e, frnm a cliniea! 
standpoint, the^ hnio much m common, but l>ecui«c tins is al o tnio 
from a therapontie standpoint In Ixifb wo haic a diminution m tiu 
xolume of the circnlntin„ blooit, and n good pirt of tlic tlicrapj of 
these conditions consists in eonibiting this sign b\ attempting to ii crea«e 
the volume of the circulating hlood The canons tlicrupcutic schemes 
that linic liccn deM'ed to aceninplish this end arc familiar to everj one 
Wliat are their rchtivc merits? 

It IS at once apparent that the injection of salt solutions into such 
individuals can jicld onh temporary rt«ult« ^^c injott free water in 
this way, and free water docs not remain m the hlood \e!>«cl8, but c« 
capes m a short time through the xarioiis socrctor^ orpins of tho bcah 
or IS sucked into the tissues which, in hemorrhage or shock, arc likolj 
to have an increa cd cnpicit\ for wattr Onl\ wnfir m combination 
with a colloid will and can remain in the blood \c«sels, and hence the 
better results to be obtained bj introihicing, instead of salt solutions 
blood, blood scrum or, if necessnrj, gelnlui solutions 

The same problem confronts ns in tlic treatment of such a condition 
as constipation when due, ns is so often the case to a too perfict ah orp- 
tion of water from tho intestinal contents \Micn we do not ansh to 
prevent so perfect an absorption of water from tho intestinal tract 
giving cathartics whicli tend to make for a accretion of water into the 
Iwwel, then wo can regulate tbt piwxas bv fcialin^ mnlrnnl from winch 
tho intestinal mucous membrane cannot absorb tho water It cannot do 
this if wc keep the water in the intestinal contents bound to a colloid 
That IS what happens when wc prescribe a diet rich m cellulose or add 
to" the ordinarj diet such sulistances as agar agar, or the various Tapane«e 
sea weeds from which this is made Cellulo«o and agar agar arc colloidal 
substances that have a great nffinitj for water, so thej hold it in the 
gastro-mtcstinal tract in spite of the efforts of tho colloids of tho intestinal 
mucous membrnno to get it out IJccaiise these colloids cannot get tins 
water out, the intestinal contents remain soft, and so constipition is 
prevented 

Absorption and Secretion of Dissolved Substances — c have pur 
posdy laid so much stress upon the question of water absorption and 
water secretion from the l)o<ly because the absorption and secretion of 
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dissolved substances are intimatety associated with and largely dependent 
upon this Kot only does this hold for the normal absorption and secre- 
tion of such substances as serve as foods or represent metabolic waste 
products, but also it holds for the ah orption and secretion of substances 
vvhich, either from a quantitative or a qualitative standpoint are known 
to ns as parts of our pharmacological or tlicrapentic irmamentanum 
The general problems of intoxication and deloxtcalion are found here 
Let us hrst look at the problem as a whole 

■^e have in the earlier parts of this chapter always emphasized the 
behavior of the individual cell The reason for this lies in the fict that 
the multicellular organism and its behavior represent mereU the com 
pounding of the behavior of many such cells and different kinds of cells 
So we shall not be surprised to find that everything we have «aid re- 
garding the unicellular organism bolds for the multicellular one except 
that m this certain additional factors are introduced which somewhat 
complicate the picture and demand separate analysis 

But just as we were able in a rough wav to look upon man for ex 
ample, as a huge mass of colloidal material which collectively resembled 
the small ma«s represented bj an ameba m its behavior toward water 
go similarly can wo compirc the large mass with the small in its be- 
havior toward dissolved substances Ihe ameba obtains all the various 
substances that it takes up from those which are dissolved m the water 
surrounding it and it rids itself of such dis olved substances as it ma\ 
have in excess m its protoplasm to this same water surrounding it 

A human being docs in toto the same thing, only the mass of water 
available for such purposes seems comparatively small and the processes 
of absorption and secretion of dissolved substances seem to bo more 
intimately associated with certain organs Thus we usuallj absorb a 
food or a toxic agent from an aqueous solution of this contained in the 
gastro-intestinal tract wc rid oursehes of these same sub tanecs bi 
giving off an aqueous solution of tbim that we call urine But the 
processes involved m these apparenth complex acts arc m essence no 
different from those which wc cncountcreil in our amebn 

All the absorbing and secreting systems that we encounter m the 
human bodj mav be roughly divided into three pharos In the ca c of 
such an absorbing si stem as thst presented bj the intestine these are 
represented bj (o) the material to he absorbed, (h) the ab orbin^ tissue 
and (c) the blood or lymph In the case of a secreting svstem, such as 
js repnsented bj the kidncs we similarh recognize three phases (a) 
the blood or Ivraph (6) the soenting tissues (c) the urine 

Let us take up first the matter of absjrption and see what the general 
mechanism of this is in the ca e of the human being 

IVlien we take a meal or swallow a drug it is practically equivalent 
to saving that we take an aqueous solution of something This aqueous 
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of the action of tbe cathartic mUs that Imie l»ccn advanced since 
Ilofnieistcr’a work, we are destined to accept his explanation 

We hare now to look at our problem from another point of new 
While sometimes wo dc'nrc the bo<l> colloids to gne np water, nature 
at times fiimi‘>hc3 pathological conditions m which we desire just a 
rever o result 

Ye can illustrate what is meant bj referring to tho problems pre- 
sented by such conditions as hemorrhage and shock The two conditions 
arc mentioned in tho "amp sentence not alone l>centt«e, from a clinical 
cfnndpoint tho\ have much in common, but liecatise this is al o true 
from a therapeutic standpoint In both we have a diminution in the 
volume of tho circulating blood, and a good pirt of the therapy of 
these conditions consists m combiting this sign b^ attempting to increase 
the volume of the circnlating bIoo<I The snrioiis thoniptntic schemes 
that have been dc\i«ed to neooinpli«b this end arc familiar to everj one 
Yhat are their relative merits? 

It 13 at onco apparent that the injection of salt solutions into such 
individuals can jicld onij temporary results Yo inject free wafer in 
this way, and frxe water docs not remain m tho blood re «cl«, but cs 
copes in a short time through the various secreforj organs of tho bodi 
or 18 sucked into tho tissues which, m hemorrhage or shock, are likeh 
to have an increased capacita for water OnU wafer in combination 
with a colloid will and can remain m the blood vessels and lienee the 
better results to be obtained bj introiliicing, instead of salt solution* 
blood, blood scrum or, if necessarj, gelatin solutions 

The same problem confronts ns in the treatment of such a condition 
as constipation when due as is so often the ca«e, to a too perfect absorp- 
tion of water from the inlcslinal contents Yhen wo do not wish to 
prevent so perfect an absorption of water from the intestinal tract bv 
giving cathartics which (end to make for a secretion of water into the 
bowel, then wo can regulate the process b\ feeding mnfcnnl from which 
tho intestinal mucous membrane cannot absorb the water It cannot do 
this if we keep the water in the intestinal eontents bound to a colloid 
That 19 what happens when we prescribe a diet rich in cellulose, or add 
to" the ordinary diet such substances os agar agar, or the various Japanese 
sea weeds from which this is made Ccllulo«o and agar agar arc colloidal 
substances that have a great affinitv for water, so thej hold it in the 
gastro-intcstinal tract in spite of the efforts of the colloids of the intestinal 
mucous membrane to get it out Because these colloids cannot get this 
water out, the intestinal contents remain soft, and so constipation is 
prevented 

Absorption and Secretion of Dissolved Substances — ^We have pur 
po«dy Iiid *0 much stress upon the question of water absorption and 
water secretion from the bodj because the absorption and secretion of 
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dissohed substances are intunately as'Wiflted with and largely dependent 
upon this ifot only does this hold for the normal absorption and secre- 
tion of such substances as serve as foods or represent metabolic waste 
products, but also it holds for the absorption and secretion of substances 
which, either from a quantitative or a qualitative standpoint arc known 
to us as parts of our pharmacological or therapeutic armamentarium 
The general problems of tnloxicahon and deloxtcatton arc found here 
Let us first look at the problem as a whole 

Ye have in the earlier parts of this chapter always emphasizid the 
behavior of the individual cell The reason for this lies in the fact that 
the multicellular organism and its behavior represent menh the com 
pounding of the behavior of many such cells and different kinds of cell 
So we shall not be surprised to fand that everything we have said re- 
garding the unicellular organism holds for the multicellular one, eveept 
that m this certain additional factors arc introduced which omevvhat 
complicate the picture and demand separate analvsis 

But just as vre were able in a tou^h way to look upon man for ei 
ample, as a huge mass of colloidal material which collectively resembled 
the small mass represented by an emeba in its bchavvot toward water 
BO similarly can we compare the large mass with the small in its be- 
havior toward dissolved substances The ameba obtains all the various 
substances that it takes up from those which are dissolved in the water 
surrounding it , and it rids itself ot such dissolved substances as it mav 
have m excess m its protoplasm to this same water surrounding it 

A human being does m toto the same thing only the mavs of water 
available for such purposes seems comparatively small and the processes 
of absorption and secretion of dissolved substances seem to be more 
intimately asiociafed with certain organs Thus we usually absorb a 
food or a tovic agent from an aqueous solution of this contained in the 
gastro-mtestinal tract wc rid ourselves of these same substances by 
giving off an aqueous solution of them that we call urine But the 
processes involved m these spparenth eomplex acts are in essence no 
different from tho«e which we encountered in our ameba 

All the absorbing, and secreting systems that we encounter in the 
human body mav be lougbly divvd^ into three pha'«es In the ca e of 
such an absorbing system as that pre«entcd bj the intestine fhe«c are 
rojiresented by (a) the material to be abwirbed (fc) the absorbing tissue 
and (e) the WocmI or lymph In the ca«e of a «ccreting svsteui, such as 
IS represented bv the kidner, we similarly recognize three phases (aj 
the blood or Ivmph , (6) (he secreting tissues (c) the urine 

Let us take up fir«t the matter of absorption and see what the general 
mechanism of this is lu the case of the human being 

Ylicn we take a meal or swallow a drug it is practically equivalent 
to saving that vve take an aqueous solution of something This aqueous 



.0 soMT pn\ STCociirAfic VL PunciPirs iy thfrapy 


Eolution may contain colloids (such as our ordinary foods, tlic starclic«, 
proteins, and fats), or crystalloids (such as salt, canc sugar, strychnin 
hydrochlorid, or fowlers solution) This is the first pln«e of our 
absorbing <!y8teni 

Tlio second is a colloid membrane that is rondo up of all the struc- 
tures bing lietweou the solution of siihstaiices to l)C absorbed and the blood 
or lymph This colloid mtmbrine i«, therefore, a fairly firm structure, 
like a y\ater«oakcd leaf of gelatin Only it ma^ not l)0 so entirely 
homogeneous for in«tniice, yye recognize the difTerciices that may result 
from having different kinds of «lls in this nli^rhnip, membrane, and 
then between the difTertnt cells there may lie interctllular substancts 
tbnt need not be identical with the material that builds up any or all 
the various cells found here Hut for the sike of simplifying our argu 
lucnt let us uniginc it to be entirely liomogtneotis 

The third pbi'^e in our absorptiy© system is represented bv the blood 
This IS oI'O nude up of colloidal material, but it is not solid, it is 
liquid It corresponds therefore, to a solution of gelatin 

T\hat inu«t happen in «Hch a system? 

ViC ha\c nlrculy di«cii« ed what must Imppcn so far os tho watc’ 
contained in tho fir t of the o systems — tint i\ tlio water in the lumen 
of tho gastro-intcatmnl tract— is coiicimcd JJit next fact to be empha 
sized is that the abvsrpttoii of this and the ab orption of substances dis 
solved in it are tyvo distinct proccs'cs A sohilton ts neier absorltd 
as such 

Let us here interject that the mixtiire yvlneli yvo originnllv introduced 
into the gastro-mtestiiial tract undergoes a simplification to this extent 
all the various colloids tint ma^ hay© ori,,inally been m it arc converted 
into crystalloids before they arc ab orlnnl From an academic standpoint 
this 13 not strictlj tnie but for practical purposes it n The colloidal 
proteins aro conyerted into ammo-acids, tbo colloidal carbohydrates into 
dextrose, the colloidal fits into fatly acid and glycerol, colloidal drugs 
are converted into cryatnlloidal form, etc 

Whenever a solution is seen to be absorbed yye are observing tho com 
posito of tho absorption of the solycnt plus tbo ab orption of eich m 
dividual substance dissolved m that solvent For example, when any 
solution is introduced info the intestine, each ono of the dissolved sub- 
stances diffuses into the yvall of the lutestiue until an equilibrium is es- 
tablished m the distribution of each of these substances between the 
liquid phase represented by tho solution and tho more solid phase 
represented by the (colloidal) mtcstmal wall Similarly, every sub- 
stance present m the intestinal yvall tends to diffuse out into the solution 
to the establishment of an equilibrium In biological material it has been 
very generally assumed that the distribution of dissolved substances be- 
tyveen two such phases attains an equilibrium yvLcn the concentration of 
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any dissolved substance is the same m both Such an a prion conclusion 
IS entirely unjustitied Ve deal m this problem with the distribution 
of a dissolved substance between water and a colloid and, as we know 
from the facts now available on this subject equilibrium may be reached 
when the dissolved substance la ccntimed m less the same or a higher 
concentration in the colloid than in tht solution surroundm^, it 

Now, while the absorptive membime is trying to get into equihbnum 
with the solution to he ahsorbt d on the one side, it is al o trying to get 
mto equilibrium with the blood on the other The problem of the 
‘selective’ ah orption of the dissdvcd substance is the problem of the 
agtnctea concerned m establishing an equilibrium between all the various 
dissolved substances in these three phists As wo pointed out above the 
factors of greatest importance in such a problem are tbe character of 
tlio various colloids concerned and tbcir physicochemical state, as deter 
mined through the presence of and alkalis, salts and various non tlec 
tiolytes the nature of the dis olved substances to bo absorbed and their 
rate of diffusion tbe presence m ubscnce of lipaids in the colloidal ab- 
sorbing membrane and m tbe Wool etc In other words, the laws of 
adsorption, of partition and ol chemical comlination are all at work 
Therefore, to the process of simple «bffusion m this matter of absorp- 
tion (or secretion) become addt<l i number of «econdarv phenomena 
tliat obscure its purity But this <lfcs not mikc qiie^tionablo the fun 
damcntal importance of diffusion itself iii the process of both absorp- 
tion and secretion 

To illustrate let ais try to follow the relatively simple process of the 
absorption of a strong (so-called hypertonic) sodium chlond solution 
introduced into the intestinal tract lor into the pcntoncil cavity, or un 
der the skin) Both the water and the salt immediately begin to diffuse 
into the absorbing membrane As diffusion progresses the concentration 
01 the sodium chlond in the absorbing membrauo rises This rise in 
concentration so affects the colloid of the absorbing membrane that thev 
stop taking up witcr, or if it becomes sufficiently high, on actual c- 
crction of water into the gut or peritoneum or subcutaneous tis«uc? re- 
sults Vliilo this IS occurring, on equilibrium is tending to be estab- 
lished between the sodium chlond in the olution undergoing absorption 
and the salt in the absorbing membrane but is never atlaiued under 
normal circumstances bccau e tbe salt in the alworbing membrane is 
at the samo time trving to get into equihbnum with the sodium chlond 
in tho blood Now, since the blood is circulating it is evident that tbo 
equilibrium is constantly being broken down toward the side of tho blood 
la consequence of this, more and more salt must move over into tho blood 
(I'D absorbed) But as this goes on the colloids of the absorbing mein 
brano again return to a more normal state and so the absorption of 
water, which could not occur before, can again take place 
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a dilute (a hjjxitoiiic) solution of 5odnini chlorid, the M-atcr 
docs not meet iMfb so great a re^istaucc to ab-orption, and it is pos«ib!o 
for sucli a solution to become more and more concentrated as the water 
18 (the more rapidly of the t«o) absorbed from it bven salt solutions 
i«otonic with the blood mu'st bo ahvirKd were never able to ex 

plain this on our old o'-motu. conceptions of water absorption, bocau'e 
no osmotic difftrcnccs exist in such a ca«e to male the water move, but 
on the colloidal ha«i3 there is no difficultv in interpreting what happens. 
Let tho colloids of the nlnorbing membrane talo a little water from the 
isotonic solution and salt must quicH} follow, for now its concentration 
13 no longer in cqiiilihrium with the sodium ehlorid m the alsorbmg 
colloidal membrane As the xviter pisses over into the blood more water 
goes into the absorbing incinbmnc, and then more salt until all is ab- 
sorbed Or wo can start the absorption bi hn\>ng a little silt go in first 
and then the witer, etc, for, if the truth be told, we do not ict know 
just what characterises the ‘i«otoiiic” solution, nor shall we until tho 
colloidal constitution of Ining mitter has been adequately taken into 
account 

As a final word lot U In. added that, on tho basis of lhc«o colloidal 
conceptions of alworjition we expcricnco no difficnlty in understanding 
why any solution ixinnintiig for longer iKriotls in the intestine, or in the 
peritoneal ciMty mn>, while it is Ixun^ “nbsorlsd’ ha\c appear in it 
xarious 8ub<tnnc<s found in the Mooi) or tissues which it did not ong 
infllK contain As diSMilvexI sulrstaiiets diffu e out of a solution under' 
going absorption info the aWrbing membrane until an equilibrium is 
established, just so, of course must the substances contained in tho ab- 
sorbing membrane tend to ditTiisc into the solution 

Tho fact will, therefore, not surprise us thit, when n mixture of 
different dissolved substances is oflfered the intestinal mucous membrane 
for absorption, these substances arc not all nb orbed at the same rate or 
m the same relative proportions Neither nro we surpnsod that the 
absorption is “sclcctnc ’ We should be more surprised if it were not 
Tho selective character of absorption depends upon tho fact that the 
absorption of water and the absorption of dissolved substances arc sep- 
arate processes Of the di8«olvctl substances ench mo\es at its own rate 
and IS influenced m its movement by factors that may not affect the others 
in the same way nor to the same degree 

Tho mechanism of the secrelton of dissolved substances is the mir 
rored reflection of what has been said, and may bo best outlined by dis 
cussing tho secretion of dissolved substances from such an organ as the 
kidney 

What has been most difficult to explain in secretion has been its se- 
lective character, m other words, the ability of the kidnev to separate 
from the blood a liquid which has a totalh different quantitati'c and 
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qualitative composition Qualitative differences are for the most part 
explainable through chemical changes that occur in the secretory cells 
themselves wherebj substances are produced (such as mucin, for exam 
pie) which do not appear m the blood at nl! In other respects a ‘»ecre- 
tion differs oul;j in quantitative composition from the blooil This may 
go to the point of having cntirelv absent from a «ccrctioii certain con 
stitiicnts of the blood, as, for example, albumin from the normal urine 
For the most part however the secretion contains some substances in 
higher, others m lower, concentration than the blood To limit ourselves 
Boain to the urine, we need by way of ilEnstration onlv recall that under 
ordinary circumstances, tlie urine contains less chlorid than the hlood 
and more sulphates and urea How are such differences to be explained f 
To begin with, it is well to call to mind that a secretion of dissolved 
substances is possible only so Jong as water is fumi bed the living organ 
ism A secretion of water is necessary before we can hope to have anv 
secretion of dissolved substances This is a physiologtcil truth that is 
nlilued daily by the intelligent physician when he orders the drinking 
of large amounts of water to aid the organi m m ridding jt»elf of anv 
poison, as the toxin of an infectious di«ca e for example How tho 
secretion of water by the kidnev mav bo made a continuous ftffiir we 
have learned from our previous discussion How it must make for a 
contimioua secretion of dissolved subetanoc is appircnt from what follows 
Let us recall here our division of the urinary sfxrretory svstem into 
its three parts tlie blood the secreting membrane, and the iinne and 
our brief charactcnzation of the first as a liquid colloid in which various 
crystalloids arc dissolved of the second as a solid colloid also containing 
various crystalloids and of tbc tbinl os a watery solution of various 
crystalloids (practicilK) free from colloids Thus far our discussion 
has shown that under the conditions normally existing m the bodv no 
water can be introduced into the blood without getting tho secretion of 
on equal amount as urine And wliit is secreted as urmo is water 
and only secondarily do 8ub«tancxs come to lio dis'solveil m it, so that it 
a«3umes a chemical composition which permits it to bo characterized as 
urine Lot us set now what mu«t hap|>ea if some soluble (or pseudo- 
soluble) substance is lutroduicd into the blooil lo simplify tbc problem 
and not make our discussion unnecessarily long let us think of the blooil 
as one homogeneous systtm and the iinnarv membrane as another Un 
der Biieb eircumstauccs one of the three possibilities presents itself from a 
physicochemical standpoint The dis olved substance may distribute 
Itself uniformly throughout tbc Wood and the unnarv membrane or it 
mav I'D present in either a greater or a less concentration in the urmarv 
membrane than m the 1 lood Tust what will happen is depondont upon 
the natim of the dissolved substance and the physical and chemical com 
position of tho blood and tho unnarv membrane at the time Of greatest 
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\\ itU a dilute (a hj'potouic) solution of godiiim chlorid, the water 
does not meet with so groat a resistance to absorption, and it is possible 
for such a solution to hceomo more and more concentrated as the water 
is (the more rapidly of the two) absorbeil from it i.\cn salt solutions 
i«otonic with the hlood mii^t be absorbed We were ntscr able to ex 
plain this on our old o«motic conceptions of water ah«orption, hccau'e 
no osmotic difFerrnccs cxi«t in such a ca<ic to make the water move, hnt 
on the colloidal basis there is no difliciiltv in interpreting what happens 
Let the colloids of the absorbing monibranc take a little wafer from the 
is3tonic solution and salt must qiiickh fellow, for now its concentration 
is no longer in ci^uiiibriiim with the sodium clilorid in the alisorbing 
colloidnl membrane As the water pi^^os over into tbc hlood more water 
goes into the absorbing membrane, and then more salt until all is ab- 
sorbed Or wo can start tbo absorption bv having a little salt go in first, 
and then the water, ttc, for, if the truth l>c told, we do not vet know 
]u«t what chanctenzos the i«otoiuc” solution, nor shall we until the 
colloidal constitution of living matter has been adequately taken into 
account 

As a final word let it be added that, on the basis of tlio^e colloidal 
conceptions of nli^oriition wo expcricneo no ihfliculfy in uiidcr«tanding 
why anv solution remaining for loiif^cr i>criods ni the intestine or in the 
peritoneal cavity mnv while it is bcin,, ‘hib orUd,’ have appear in it 
various substances found in the bleKxI or tii^iies winch it did not orig 
inally contain As dissolvotl suWaiiccs di/Tn«c out of a «olution under 
going absorption into the ab«or1)ing membrane until an equilibrium is 
established, yust «o, of course, must the subslanccs contained in the ab- 
sorbing membrane lend to diffH«c into the solution 

The fact will, therefore, not surprise us that, when a mixture of 
different dissolved substances is offered the intestinal mucous membrane 
for absorption, these substances aro not all absorbed at thi. same rate or 
in the same relative proportion** Acilhcr are we surprised that the 
absorption is ‘soloctivo ’ '\\e should be more Burpri«eil if it were not 
The selective character of absorption depends upon the fact that the 
absorption of water and the absorption of dissolved substances are sep- 
arate processes Of the disoohcd subsl'iaccs each mores at its own rate 
and is influenced m its movement 1^ factors that may not affect the others 
m the same way nor to the sime degree 

The mechanism of the secrelton of dissolved substances is the mir 
rored reflection of what has been said, and may be best outlined by dis 
cussing the secretion of dissolved substances from such an organ as the 
kidney 

^STiat has been most difficult to explain in secretion has been its se- 
lective character, m other words, the ability of the kidney to separate 
from the blood a liquid which has a totallv different quantitative and 



SURVEl OF APPIICATION 


centration of an acid bj colloids from veiy dilute solutions of acid salt 
or acids Las been proved directly 

^^hat uo have said concerning the ab^orptlon of dissolved substances 
m the intestinal tract, and the secretion of dissolved substances bj the 
kidncj, mav bo applied with small variation to any other absorptive or 
secreton system that we find existing in tlie bodv It maj be applied 
also to any of the processes of absorption and secretion as the e involve 
any cell group of cells, or organ outside of those included m any special 
discussion of absorption and secretion When we deal with such an 
organ as the hrain, the «plcLn or the adreml, the system involved is 
really somewhat simpler than m the case of the intestine or the kidney 
The individual cells of these organs are more like the ameba in its pond 
water — thev are more nearly surrounded on all sides by the same fluid 
medium, and from this medium (_tbe blood or blood plasma which wo 
call Ivmph) they absorb the substances necessary for their existence or 
harmful to it and similarly thev give off to this medium their normal 
metabolic products or the substances which as toxic bodies mav have got 
ten into them Tho whole problem therefore becomes m the main a 
distribution of dissolved substaiuxs between (roughly) two media, on tlio 
ono Laud the cells and their intercellular sulistances on the other the 
blood (or lymph) 

The various normal and abnormal dissolved substances come to all 
tho cells in tho body through tho some blooil stream The cells endeavor 
to get into equilibiium with each one of tlic o sub&tances But, as the 
individual cells of the body differ from each other in chemical oomposi 
tion, or as the same cell is in a different phvsicochemical state at differ 
ent times and under different conditions so will the different cells, or 
tho saino cell at difftrcut times, btliavt cntirclv differently toward the 
■same dissolved substance or t-ubst inccs as thcso nro brought to them in 
the blood It is for this reason that not only the rnto at which any 
ills olved substance is taken up will be different for different cells 
or tbe simc coll under different conditions but tho nl/»oluto amounts 
taken up will a!-rf) vary 

From this we may underttand whv although one blood bathes all 
the liodv ti« 3 UC 8 ono ti sue is high m poll siuni while another is low, 
ami while ono takes up much calcium another rcfu«c 3 it almost entirely 
It is for this rtu on that the spinal cord takes up relatively more strychnin 
than am other ti sm. in tin Udv that anesthetics go into the central 
nervous system th it tetanus toxin picks out chiefly the peripheral nerves 
that when any vital stain is introduced into the body only certain tis 
81108 an dwpK staimxl that when arspbenaniine is given iiitravcnonsK it is 
taken up chiefly 1 >\ the (cell* of tin ) spirwlietes and to tlnir d< tnic 
tion V specific poison like a pecific eure liceomcs known to us when 
ever wo di cover some substance which, when offered the healthy or dis 
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miportanco are aucli fiicfa «s the pre erne arul aliscnce of lipoids, llie 
character of the colloids conconieil, and the state of the c colloids as 
clctemnncd b^ the presence of ncids, alkalis silts, or ^arlolls noii-clec- 
trol^tcs In other ^^ords, the laws of partition and the laws of nd'orp- 
tion agsm come into plij The t diffcrtnees in the distribution of a 
dissolved siibstiiicc lietwitn the hloenl niid the iiniiarj membrane are 
rendered strikm^,!} apparent when d^cs art iisisl ns the dissolved sub- 
stances 

Put this distribution of a (lissoUcd substance between the blood and 
tlio urlln^^ membrane represents in the tnd onh n afTair, and the 

secretion of dis«olud substsiicis in urine is a ili/namie one It requires 
no special comment to le now whj onl^ through the coiitiiiiioiis “Ccre- 
tion of water from the kidmv can a continuous scpsration of dissolved 
substance from the iinnarj mcnibrnnc (stcretioii) be rendered j)o«3ille 
The presence of water m Itowinnn’s eapsulo and m the uriniftrous 
tubules introduces the third jiln t into our seerttor^ system and con 
tinuousl} briuks down tho eqittlibritini that is trsing to bocomo c tab- 
lishcd between tho dissoKciI siilistnticc in tlio blood and tho dissolved 
substani'c in the urinary mcnibratic 

Tho attimpt to establish an equilibrium between (he di soUed sul^ 
stances in tho urinary immbruic and tliodi« oKcil sulut uues in the uruic 
(ongiiislU onh water), is it ps«s<8 dowm the uriuiferoiis tubules, makes 
for 1 diiTiisiou of dis olied vuMaiKis out of the urimn lueinhrme 
Cousoqiicntl) as long as water is Ikii^ scercltsl hr tho ki(luc\ this jnu«t 
tend to destroy the equilibrium which is triing to Itccomo ostlbh^hed 
between the dis«ohcd substances in the blood and tlio dis ulvcd substances 
in the iirinarj membrane If wo rtcill the pli\<icocliemicnl fact that, 
when anj dissohcd sub tinec is offered sinndtsiieousb a liquid colloid, a 
solid colloid and wafer (as is (ho case in the kidiiri), nii unequal dis- 
tribution of the dis ol\id siibstnmc among the throe phases is tho rule, 
then we shall have no difliciiU^ in imdcrstsndiiig whj a diiTcrcuco m 
quantitatnc composition betweiii the blood kidim tissue, and unue, 
so far as dissohcd substances are concerned, is also tlic rule There- 
fore, a “selcttive secretion is to la fvpected rather tlnn (o he wondered 
at 

Further than this we cannot pursue this subject at present Put m 
passing I slioiild like to iioint out that tho fruits of colloid chcrai'trj' 
help 113 to understand cien the most radical differences that exist between 
'ccretions and their source Xonc is perhaps more strikin,^ than the 
strouglj reaction of tho urine or the gastric jiiico aoaiiist tho prac- 
ticallj neutral reaction of its source, the blood Put even thc«c can be 
accounted for tbrou^h tho selecti'c abt>orptiou Lj tho collmJa of tho iiri 
narj membrane of tho sodium dihjdrogen phosphate, and by the colloids 
of the e,astric muco«a of tbo hydrochloric acid of the blood Such a con 
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done this unthmkinply, but becaiise we feci that all those phenomena 
which are usually discussed under the heading of tho osmotic phenomena 
of cells can more easily and more satisfactorily be explained on the 
basis of the colloidal constitution of living matter, and because we feel 
that tbe great mass of facts which hns stood against the general apph 
cability of the laws of osmotic pressure to cells can also be better ex 
plained on the colloidal basis W e see no reason therefore, for calling 
upon a complicated osmotic sastem for further help But this point 
of view IS not vet gencrallj accepted in tho biological sciences, and «o 
wo wish to summarise brieflv some of the experimental and theoretical 
evidence usually adduced in favor of the osmotic conceptions of the ab- 
sorption of water and dissolved siib>>tanco3 in the hodv, examine it enti 
calh, and then brieflv indicate how this mav he used to better advantage 
in support of our colloidal eonteptiODs of absorption 

The widely divergent and contradictory ‘osmotic conceptions of ab- 
sorption and secretion as upheld bv different workers at the present time 
had their beginning m the original osmotic investigations of DeVries and 
Pfeffor In order to account for the turgor (that is water content! 
of plant cells tbeso autivors held that tho individual cells were sur 
rounded b;y ‘ osmotic membranes of such a cbaracter that while thev 
allowed water to pass through them, they did not permit substances 
dissolved in this water to pass through On tins basis they explained 
the observation that plant cells swell up in water low in dissolved sub* 
stances, and shrink m more concentrated «ol«tions by sayin,, that in 
the former case water is sucked into tho cell while in tho latter it is 
sucked out Tho movement of water into and out of tho coll occurs 
until the (osmotic) concentration of dis«olveil sub-tance is the same 
on both Sides of the membrane postniattil to exist about tbe cell* But, 
m order to permit the water to move this meiiibranc must b«, impcrmeabh 
to dis«ol\cd substancca (otherwise of course the dissolved substances 
would simply move from a region of higher concentration to one of 
lower concentration and so osmotic differences could not come to pass 
and conscqiieiitlv there would be no movement of water) 

brom these observations and tlitorctical views apriuig tin, interest 
of the physical chemists in the whole problon of osmosis and so we seo 
constniefed tlio various o«motic cells that mav be seen in any physico- 
chemical laboratorj 1 feffer was again pioneer here lie conceive! the 
idea of supporting the pTCCipiVatron membranes* tbal llorilz Traube 
hod dcscribd before him in the walls of a porous pot, in order to gave 
them enough stnngth to vvitlisland considerable pre«surc Such “precipi 
tation membranes mnv K produced bv tho u c of many different sub- 
stances, but tbe best and commonest one is made by allowing the solution 
of a copper salt and tbe solution of a fcrrocvanid to move into the wall 
of a porous jxit from opposite sides Thev meat in the wall of the pot 
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eased Lumun Lodj", {hstnbiites in eticli a between tlio Tanous 

(colloidal) phases that make up the biim'ui lodj ns to jipjwar jn a toxic 
concentration m tho cell or organ under consideration before it does 
this in nu^ other or all the other cells or organs of the body 

It IS well here to emphasize ogam the fact that intoxication at all 
times depends iijxui the ronccn/ni/Km- of the toxic substance present, and 
not upon the absolute amount gi\cii Tho whole principle of detoxication 
depends upon tho recognition and u e of this fact A\o can easily illus- 
trate whnt we mean when we discuss the intoxication that goes with any 
acute infection Hero wo lin\c an organism producing a poison at a 
fairly uniform rate hen- we do not pos e«s a sjwcitic therapy much 
of the art and science of tnalinint consists iit keeping the concentration 
of this toxic substance ns low as possible How do wo manage this! 
When wc cannot itiflucnct- the faitor of toxin proilnction, wc baic onh 
one was at our disposal, and that is to keep tho concentration of the 
toxins ns low as possible lo <lo this wc cm do but one thing, nnmel), 
gne water 

As wo noted above the gixing of water makes for a secretion of 
water, and this socrotion of water is noo<«snr\ lx fore wc can git a secre- 
tion (washing out) of nn^ toxic substance Ih wn«liing tho toxic sub- 
stances out of tho kidnc> cells, for example, wo br«ik down the cquilib 
num txisting between the toxic substance here and that in tho blood 
bo more toxic siibstaiico will niovi from tbo blood oicr into the kidnty 
to 1)0 eliminated if iht third phase ts created hj gntng icater Ihit 
when the toxic concentration in the blood falls, tlic toxins from tho cell* 
will more over into the llooil, and the lower wo can kctp the toxic 
concentration in tho cilia tho has the infoxicnlion and con«iqncot patho- 
logical effect upon them Now wo nl«o sec the sense of giving water not 
onlj m a haphazard way as the patient max de«iro it, hut m specified do«cs 
at regular inlcnaU daj and mght OthenMse during the periods of 
water abstention tho toxin concentration will rim up 'NMiat happens is 
illustrated bj tbo xariation m the oonccntmtion of the normal constitu 
cuts elimmafcd in tho urine in nii^ twentx four hours Since xvo arc 
accustomed to consuino most water xvitli our meals, the urine after our 
meals is pale and low in uniiai} constituents It is dccjHiolorcd and 
highly concentrated on rising in the morning, for throii(,h tho night we 
do not consume any water 


OSMOSIS AND QUESTION OF CELLULAR ‘ MEMBRANES 

In onr analysis in phjsicochemicd terms of certain phenomena famil 
lar to every worker in the art and practice of medicine wc have almost 
Ignored the much discussed question of osmotic pressure Uo haxe not 
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To-day ne may safely say that ue do not htoiL a single cell for tihtch 
the Ians of osmotic pressure are talid 

W e need not go into details to prore this If cells obeyed the laws of 
osmotic pressure then they ought always to have the same volume in 
isosmotic solutions of different swhstancis Fvceptions to this conclusion 
are the rule \gaiu, with eitry increa c in the concintntion of the 
medium surrounding a cell we should get a proportional decrease in 
the lolumc of the cell As a matter of fact, the shrinkage is always 
less than anticipated (Ivocppe, Duri^l While clectrohtes and non-elec 
troUtes are in our laboratory o motic cells equally nefne when the same 
number of dis ohed particles are pre ent in the unit volume, this is not 
tho case in In mg cells Generally sjicakin^ the electrolytes are active 
out of all proportion to the non-tlectrolvtcs when living cells are eon 
eerned How all the e facts are readilv explained on the colloidal bisis 
Las been pointed out above 

To have tho laws of osmotic pressure tenable for living cells we must 
have acmipcrmeable membranes about them Only os this is the ca e can 
changes in osmotic pressure bicome available for the movement of vvater 
into and out of colls If for the sake of argument, we grant this conclu 
Sion then no dissolved substances cm get into or out of the cell Such 
a conception of the cell is impossible for under such circumstances 
how could A cell get its noeo««irv food, or how could it rid itself of its 
various metabolic products? To get around this difEcnlty various oli- 
servers have made thc«o osmotic membranes permeable to some or many 
dissolved 8ub«tancc3 But the moroent wc grant tbis we cm no longer 
maintain differences in osmotic pressure and so water can no longer lie 
absorbed The adherents to the view that o motic membranes exist 
about cells can take their choice either Ihev can utilize their conception 
in onler to make water move or they <an Lave the c nicrabnnes periiie- 
able and so have Jis olved suWanets move — lut they cannot hate both 

An enormous htcraturo has sprung up al>out this qui tion of incm 
branes surrounding cells From tlio on^iiiRl o motic membranes of 
Pfeffer winch were «cniipenneablc wi, have come to tho e which arc 
partially permeable and then to tho e which are jiermcable ometinits 
and then again not But even the t complicated notions encounter trouble, 
for there is so little connection between the kiml of sub tincis that enter 
colls and tho t that do not Onlv the mcrabtrs of one gronji — that which 
has a ready solubility in tho fats — have l>ce.a rewignized as having one 
property in common and to account for their rciely entrance into <^elIs the 
osmotic metnbrano about colls has been enelowcd with lipoidal character 
istics The unfortunnto part about this thenrv which is in e cnce that 
of E Overtoil IS that while it renders easier our conception of the ali- 
sorption of the c lipoid-«oluble substances it makes it impossihle to get 
the ordinarv salts and water into cells for these are not particularlv 
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and ft precipitate of copper firrocjaniil is deposited here The copper 
solution maj now l>e ^\o«hed out of the pot nnd the fcrrocyanid nn«ed 
off tho outside In the uall of the pot remains n “precipitation mem 
hriino’ of copper fcrrocyanid This memhrnnc ftllotts ^\afcr to piss 
tiirough It easili, but it will not allow substances dis«ol\od in this wafer 
to get through The membrane is “scmipermcnble,” and therefore is 
identical in tins j)ropcrt\ with the “osmotic” membrane that Pfeffer 
maintained «nrroundiil the Ining cell If the labontory cell is filled 
with a solution of am kind and is then placed in water, water is 8uckc<l 
info the coll, if it is plmxxl instend in a more coneeiitrifcd solution, 
water 13 sucked out of tin cell As is rcadilv apparent, this eorrc'- 
eponds to what PfetTcr and I)e\n(s olwcnwl in the case of the liiuig 
cell 

PfofTcr made mins o«motic nicisurcments with Ins laboratory cell, 
and, on tho basis of his olwen itions, \ant ItofT some snrs later formii 
lited his famous laws which arc as follows 

1 At constant temperatnn the osmotic pressure of dilute solutions 
IS proportional to the (oncentrntion of the di« oKid pnrticles 

2 At the ime timperature cijuaI lolumcs of all dilute solutions 
having tho sime osmotic pnssuro contain the sime niiralicr of dis ohed 
pirticloa 

3 At constant volume the osmotic pressure of nnv solution vanes 
dirccfh as tho ah olutc teinpcniturc 

The work ind conclusions of van’t Iloff and the phvsical chemists 
now liecamc retroactive and the nltempt was made to applv the liv's of 
van t IIo/T not orilv to the biologic il /acts that Dv\ rus and PAfTcr had 
furnished, but to flit additioiml ones contributed by Hamburger, Grvns, 
Ivocppc, Ixieb, Ilobcr, Overton, Webster, etc To this tnd tho observa 
tions made on plant and nnuinl colls were compired with those mide 
with tbc laboratory osmotic cell When a solution of any olcctrolylo 
or non electrolyte vvis found not to change the volume of Iitinid in an 
osmotic cell, it was snul to l>c “jsosmolic' with the cell contents Fquallj 
conccntritcd solutions of all kinds were found to !« i«nstnotic with the 
contents of the osmotic cell The e were, tlicrefore isosmotic with each 
other When a solution of aiiv kind was found not to change tbc volume 
of nnv living cell it was siid (o be “isotonic with tho contents of this 
cell In this way the solutions of many different substances were com 
pared and the ‘ isotonic coefficients' determined in each case If tho 
laws of osmotic pressure were active in living protoplnsni, it was there- 
fore to be evpcctcd tbit, if certain solutions wero isotonic with each 
other, tbev should also be “i«osmotic” with cich other 

When tho first rough comparisons were made it was in fact thought 
that tho isotonic solutions were i<«osmotic but this conclusion could not 
stand the pressure of more careful and more mimcrous observations 
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To-day ue may afely say that ne do not Lnow a single cell for uhick 
ike laus of omolte pressure are lahd 

e upfil Jiot go info detai]<« to prove this If cells obejed the laws of 
osmotic pressure, then thc> ou^ht alnajs to hive the same volume lu 
ISO motic solutions of different substances Evctptions to this conclusion 
are the rule Agiiii, with c\tr\ inerciSL in the ooncentntion of the 
medium surrounding a cell wr should get a proportional dccrea c m 
the \o!umt of the cell As a matter of fact, the shrinkage is always 
less than anticipated (Ivoeppe Durij,) \VliiIc elcctrohtes and non-elec 
troHtes are m our lahoratorv osmotic cells equally active when the same 
number of dia«ohcd particles are present m the unit volume, this is not 
the case in li\ing cells Gencralh speaking the electrolytes are active 
out of all proportion to the non-cltvtrolytos when liMn„ cells are con 
cerned How all these facts are readily evplained on the colloidal basis 
has been poiiileil out above 

To have the laws of osmotic pre sure feinble for living cells we must 
have somipcrmeible raentbraues about them Onlv as this is the case can 
changes in osmotic pressure Uconio available for the movement of water 
into mid out of cells It for the sake of argument, wo grant this conclu 
Sion then no dissolved substinecs can get into or out of the cell Such 
a conception of the celt is impossible, for under such circumstanees 
how could a cell get its iicee«sarv lo<d or how could it nd itself of its 
various metabolic proilucts? To get around this difticultv various ob- 
servers Lave inadt these osmotic nwiiiWanea permeable to some or manv 
diwlvcd siibstaiucs Cut the moment wt grant this wo can no longer 
maintain differences in osmotic pre sure and so water can no longer K 
absorbed The adherents to the view that oinotic’ membranes exist 
about cells can take their choice either thev can utilize their conception 
ill order to make wafer move or they can have thcae membranes perme- 
able and 80 Lave dissolved swbstanrca move— but they cannot haie both 

^n enormous literatiiro has sprun,, up about this question of mem 
branca surrounding cells Iroin the original osmotic membranes of 
Ifcffir winch were cmipenucable, have eonit to tbo e which are 
partially pcrmciblo, and thin to tho e which are jicnnciblc sometimes 
and then again not But even the c complicated notions ciicomiter trouble 
for there is o little connection lietwecn the kind of substances that enter 
cells and tho o thit do not Onlv the mcinlnrs of one group — that which 
lias a ready soliilulitv in the fata — ^hivc l>evu recognized ns having one 
fopertv m conitnon and to account fir their readv entrance into cells the 
oomofic mcnibrano about evils has been cndowevl with lipoidal character 
istie« Hio uiifirtunate pirl alxmt this tlicorv which is in «s once that 

1 Overton is that while it renders easur our concvptioii of the ab- 
sorption of the o lipouI-«oliible sulstances it makes it impo sillc to get 
the ordinary salts and water into cells for these are not particularlv 
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soluble in the lipoids And \ct -ne know from plivsiologieil and patho- 
logical facts that l)oth mu«t lie abk to gel into cells 

jrorco\cr, wliat do «c gain when we hnic succeeded in getting some 
dissolved snltetnncc or water throiigli nn^ membrane postulated to ctiat 
about a cell? It would colhtt lien* and we should still bn^e to account 
for the movement of (itlier the dissohwl sulistancc or the water into or 
tbrougb the rest of the cell protoplasm IJiere arc no membranes about 
cells neither of the lipoid t\pe (Dung, Patili, Fischer), nor of the 
‘osmotic’ t\pt (lisrlicr) Ml the phetioni(.nn which offer so iniicli 
<liflicuU% in explanation when wt assume that membranes exist about 
cells are readily interpreted, without n*coiir«c to such postulates, on 
till basis of the colloidal constitution of protoplasm ns wo indicated above 
III answer to tlu«c arguments some of onr critics have retorted that 
a ‘incrabrano’ exists wberever two phases come in contact with each 
other At this jxiint we have to stop and begin to define terms, for 
111 re the arguments licgin to become academic. A drop of an' fluid, a drop 
of on^ cnllonlal solution, a drop of protoplasm or a cell, has a “mem 
brano’ about it, but tins mcmbrine’ is simplr a surface tension film, 
It has nothing in common with the “osmotic membranes’ that arc in 
turn talked almiit b^ the Lotsni«t« the pbjsicil cbemisls, and the original 
nniina! physiologists who worked in this ficbl These surface tension 
films are ehermcalhj ulenltcal uith the rest of the celt protoplasm and 
(except ns colloidal particles tend to collect in lbe«c surface films and 
niso the concentration of these particles hen) as such lehaie ioicanl 
naler or dtssohed substanees exactly as does the rest of the cell proto- 
plasm 

encounter difftrcuces in the nlrorption of water and of dissolved 
substances in the living nnimnl as wo pa s from ono (colloidal) pba c to 
another Such different phases n«a\ l>c represented bv different organs, 
different tissues different cells or intercellular substances, different parts 
of the same cells If such phase differences arc ultimately shown to exist 
at the surface of colls they will a«sumo an imporlnnce in this problem 
of absorption and secretion Uiil this importance will bo neither greater 
nor different in this problem, because tlic pba«e difference occurs nt the 
surface of the cell, than if it hod occuriXHl anywhere else m that colloidal 
complex that we call living matter 

The following hiMiograpliyr 19 necessarily most incomplete, but the 
easily acctssible refertnees here given will readily put an\ one who con 
suits them and who «© desires in touch with the voluminous literature 
now availahleon these subjects 
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Siodberg llio Rolloide Ixisnnp n anorgani cher StofTo, Droaden 1909 
Zaigmondy CoHoida and the Ultramicroscopo tran latcd by Jerome 
Alexander, Iscw lork 1009 

Tho last mentioned two Tolumoa deal chiefly with inorganic colloids 

In addition io these general texts articles dealing mth all phases of 
colloid chemistrg both theoretical and practical tnay be found tn 
Ike follouing penodienl* 

Kolloidcbcm Bciheftc Dresden Ztaehr f Chem u InJiist. d Kolloidu 
[ Kolloid /ischr ] Dn den 

Shorter general accounts of colloids and changes tn </teir siale may 
be found in 
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soluble m the liiKuds And jet v.e know from physiological and paflio- 
logical facts that both niu«t lie nble to gel into colls 

Morooicr, what do we gam when we hn\c «uocwdod in getting some 
dissohed substance or water through Bn> mtmbraiie postulated to ctiH 
about a cell? It would collect here niul we should still haie to account 
for the nioicmcnt of cither the dissolrctl substance or the water into or 
through the rest of the cell protoplasm "Ihere are no memlrarifs alout 
cellt neither of the Iipoid tjpe (Dung, Pauli, Pischcr), nor of the 
osmotic’ t\pe (Fistlior) All the phoiionictin wliicli offer so iiiucli 
difliculti in OTplanation when we n«suino that incmbranM crist about 
cells are rtadilj interpreted without recourse to such postulates, on 
the hisis of the colloidal cnnstitulioii of protopi ism ns we indicated abore 

In answer to tlie«e arguments some of our critics haie retorted that 
a “membrane’ exists wherever two phases come in contact with each 
other At tins jKuiit we hare to stop and begin to define terms, for 
hi re the arguments begin to become acndomic A drop of anr fluid, a drop 
of anr colloidal solution, a drop of protoplasm or a coll, has a “mem 
hrnno’ about it, but this membrane is simplj a surface tension film, 
It has nothing in common with the “osmotic membranes” that are in 
turn talked alout tin botanists, the phjsicnl chemists, and the original 
nmmal plnsiologists who worked in this field Tbr^e tnrfaee tension 
films are chemically idenhcal nilh the rest of the cell prolofilasm and 
(except as colloidal particles tend to collect in tlie«c surface films and so 
raise the concentntion of thc«c pirliclcs hen) os such irlioic touanl 
naler or dtssolied suhstanees exactly as does the red of the cell proto- 
plasm 

Mo encounter difTcrcnccs m the alxorption of water and of dissolved 
substances in the living animal ns we pa«s from one (colloidal) phase to 
another Such different phiscs mn> be represented hj different organs, 
different tissues different cells or intcrcrollulor suhstances, different parts 
of the same cells If such phase differences are ultimatclv shown to exist 
at the surface of colls lhe\ will a«siimo an importance m this problem 
of absorption and secretion Put this importaiiLC will !« neither greater 
nor different in this problem, because the phase difference occurs at the 
surface of (he cell (ban if it had occurred am where else in (hat colloidal 
complex that wo call living matter 

The following bibliography is necessxnlj most incomplete, hut the 
easilj accessible references here giycn will rendilj put anj one who con 
suits them and who so desires in touch with the voluminous literature 
now available on these subjects 
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In addition to these general texts articles dealing utth all phases of 
coUowi cltemistry hoih Ihroretieal and practical wai/ be found tn. 
ike foUotiing penodicats 

Rolloidchem Beihefte Dresden Ztschr f Chem u Indust d Kolloide 
[ Kolloid Ztschr ] Dresden 

Shorter general accounts of colloids and changes in their siate mag 
he found m 
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«olul)l(’ la the Vnd %et Iwiiow from phvsiologiciil and pnthe- 

logical fact*? that Kitli ma<*i lie aWt to pt into eell« 

"Nroreoicr, wlnt do i\c pini i\lien we hnn siicmKloil in petting «omc 
«h««ol\r(! ^ulktance or M-ater throiipli aii\ larniliraae |>o«ttilntet! to cjtid 
alioat a oil ? It uoiild eollot here niiil we iilioahl still have to account 
for the moiement of either the (li«ohol salKtance or tlie iinter info or 
throUj,!! the re<t of the oil protoplism IJirre arf no niewifcranM otoiif 
cflh neither of the lijvml ivpt (Diirip, Pauli, lischtr), nor of tie 
osmotic l\|»< (hi«eher) \ll tlu pluiioniinn which otTer so ituicli 
(liHicultv 111 (xplnnntiou when we n^Miine that memhraiie^ exist nlwut 
ivlN art reulih inlerpnteil without nHxuirie to such jiostnhtes, on 
tlu lusix of the eollouhl constitution of pnifopi »«ni as wi iiulicifcil nlKni 

In answer to fl»«i arpitnenla s«m« of our iritics have retorted that 
ft ‘ niemhraiie * exists wliorever two |>ha«es come in contact with cieh 
other At this j«int we havt to stop and licpiii to define terms, for 
lu re the nrpumiiits Upin to lioeonic ocaiUnuc A ilrop of mu fluid, admp 
of aiu colloidal solution, a drop of pn>tophi«m or a cell, has a ‘mem 
hrane nUuit it, hut tins nienihrme’ is simpU a surfneo tension film, 
it Ins nothing m conuuou with the ‘osmotic niemhrunes that arc in 
turn talhcil nlmiU Iw tlu l»)tain l« tlu plusieil cheinuf*, and the original 
animal plusiolopists who worketl in this fiild 7Ac»c airfare ienston 
fihn9 art fhfmteaHij tdetittcal utth the rf*t of the erU protophsm oad 
(except as oolloidiil partichs t<iid to oollect in tlie«e surface films and so 
rauo the e«uiceiitnUion of tlws« jmrtides hen) nt vteh hehaie touanl 
ualtr or rfnm/ird fiihstawccx erartly os tloes the rest of the rtll prafo- 
pla^m 

^\o encouiitir difTirtnoes in the alisorptinn of wafer and of du'olvfsl 
siilistniices in the lump animal as we pn«s from oiio {colloidal) phase to 
another Such difftniit phases max lio r«prr entid lu difTinnt organs, 
difTircnt tissues ilifTtniit cilia or intcixtllulnr suhstnnns, different parts 
of the same cells If such phase diffi miccs arc ultinmleh shown to exist 
at the surface of cells fhe\ will n«s«nio an miporfanet m this prohlom 
of uhsorption and sei-ixtimi But this iiiipirtniiCL will Iw neither greater 
nor different m this problem, lxxinu>H, tlu phase iliffereiico occurs at tlio 
8ur/ace of f?« ect}, th at if it iimt ^cettrnil att} »}icn cJ<e iit that 
complex that wc call living inatUr 

The following bihliognplu m Mccessjrih most meomplote, but the 
ci«il> accissible riftniicis hen. puen will readily jnit aiu one who con 
suits them and who so deams in touch with the voluminous literature 
now availahlc on thc«e subjects 
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NUTRITION AND DIETETICS 
WtTRKN Col4:«AN 
Pe\i'iei> bti FrwiK O Gro s 

Some Vnowledgo oi tlic laws of nutnlion, as well as of dietetics, is 
requisite for the rational constnietion of dietaries, whether they be in 
tended for persons in licalth or for those ill from disease 

Nutrition concerns tin. digestion and absorption of foods, the destinies 
and transforniations of the loodstutfs after absorption, and the energ; 
liberated within the bod^ by their oxidation 

Dietetics on the other band relates to the selection of foods tho 
arrangement of dietaries which co\cr the nntritne requirements and, at 
tho same time, conlorm to the hkes dislikes and idiosjncrasies of persons, 
and the methods of prtpanng and serving the food 

A knowledge of Uie fuel values of foods is likewise essential to rational 
feeding The bodv derives energy from food in much the same manner 
that an engine does from coal The univer<ial law of the conservation of 
energy holds for the body as well as lor the eng:ine that is the body de- 
velops throiioh oxidation a dctmite amount of energj from a known 
quantity of food Since the total energj which the body requires for the 
pLrformance of its functions is accuratch known, the fuel values of all 
diets should be caretull^ adjusted to the patient s needs 

No attempt will be made to discuss here the dietetic trcitment of the 
different diseases For snch details the reader is referred to the appro- 
priate chapters The purpose of this chapter is to fumi«h simplv the 
infonnation with the aid of which diets may be arranged for anj diseast 


FOODS 

Voit defines a food as a palatable mixture of foodstuffs which is 
capable of maintaining the body in an equilibrium of substance or capable 
of bringing it to a desired condition of substance The ideal food is a 
palatable mixture of foodstuffs arranged tiyether in such proportion as to 

C9 
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animal fats are chieflj mixtures of tlie esters of oleic, stcanc and palmitic 
a'’id The fat of milk contains besides these, considerable amounts of 
ihe lower fatti acids such as butsnc, caproic, caprjlic and eapnc acid 
The tngljcerids of linoleic, launc, mynstii^ etc, are found in great abun 
dance in the legetablc kingdom 

In addition to the neutral fats foods contain various fatlike sub- 
stances known as lipoids , some of these lipoid substances may have con 
siderable importance in nutrition but as ^et we do not know their exact 
importance Representatues of the lipoids are ebolesterin and lecithin 

Vitamins — \ itamins are or^^anic subst inccs of unknoivn chemical con 
stitution they occur in small quantities in many foods, and are of the 
utmost importance in nutrition 

Inorganic Substances — The inorganic substances arc water and the 
alts of sodium, potassium, m'lgnesium, chlonn, sulphur, phosphorus, iron 
and lodm 

Uses of Foods 

The chief functions of food are ( 1 ) to yield energy, (2) to build 
tissue (3) to regulate body processes 

Uses of Proteins — I rotems are the onlv foodstuffs capable of supph 
ing the nitrogenous needs of the body while all the organic foodstuffs are 
capable of furnishing energy Both vegetable and animal proteins are 
apparently equally serviceable in furnishing the nitrogenous needs As 
a source of energy, protein, in amounts recommended by Voit and At 
water represents from 10 to 20 per cent of tlie total metabolism and a 
lesser amount in the standard recommended by Chittenden 

The protein molecule consists of about '>0 to CO per cent of a car 
bonaceous group or ‘carbon moietv ’ which is split off and oxidized like 
carbohydrate to carbon dioxid and water In diabetes mellitus part 
or all of this, depending on tlie sesefity of the case will appear in the 
urine as glucose 

The nitrogen of protein taken in excess of the body’s needs is rapidly 
excreted, appearing m iirtue chiefls m the form of urea There is a 
nitrogen retention in the body during growth, pregnancy and convales 
cence from wasting diseases 

Adequate and Iruulequafe Protetns — Some proteins when fed 
together with sufficient nouprotem material, vitamins, water and salts, 
furnish all the nitrogenous compounds necessary for growth and main 
tenance others under the same conditions fail to support growth or 
maintenance or both The former group may bo called adequate pro 
teins and the latter inadequate proteins The difference m the two 
groups 18 m their make-up ’ of amino-actds While the body can syn 
thosize man\ of the amino-acids which it uses it apparently cannot svn 
thesize certain ones which are necessary for maintenance and growth 
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burden the orgniusin with a niinimum ainomit of labor It should be 
added that the Mtniinn conttnt of the food roust lie unmipaired. 

FoODSTUrFS 

Pncticalh all of our food", ns onlinaril^ senod, arc mixtures of food 
“tuffs foodstuff IS n tnntinal oipitle of lioitig added to the bodjs 
substance, or one whirh when alisorlad into the blowl-stmm will piticnt 
or reduce tin wastiuj, of a n«ees«arx eonstitiunt of the organinn 
(Tusk) 

loodstuffs are cli siiieil ns fnlloira (1) proteins, (2) carbolndrates, 
(3) fats (4) Mtainius (5) inorganic substances 

Proteins — Proteins max Ik* d( tiiieil ns complex organic compounds of 
high molecular weight inndi up of carlion, hxdrogen, oxxgcn, nitrogen, 
sulphur, and soinetimis containing phosphorus and iron Protein contains 
nitrogen in a form nxnilalile for the phxsiologu il needs of the organi ro, 
and this diffircntntrs it from otiur food tuff* Considered from a 
chemical standpoint proteins consist wholh, or m part, of ammo-acids 
united h> their cirltoxx I and nmmo groups 

Proteins are found iii naturt in liMn„ matter, or associated with it, 
ntidnlivaxs produced bx it flio coinpri«( glndiri, eastin, egg albumin, 
gluten, edestin, etc 

Carbohydrates —Cflrl»oh>dmtis nre nbimdnnt in tlie plant kingdom, 
forming the chief miss of the drx substance of tbe plant structure In 
animal tissue ihcx arc found in small ijimitities cither m n free condition 
or in combination with mtro^enous 8nl»stnnces TIio cirbohxdrates arc 
tho chief sounc of eiurgv to the IkxI^ nnd lliercfore nre of great impor 
tance in nutrition Thej conlnm the elenunts eirlxm Indrogen and 
oxxgcn, the li«t two tlcmcnts arc usunll^ iii the ntio of 2 1, but not all 
compounds hanng tins ratio nre carbohxdntes as (CIIjCOOII) acetic 
acid 

It IS difficult to gixe an exact definition of carbohxdntes, liowCTcr 
chemicillv thex mix be defined os nldchxds or ketoms of the. pnhlijdnc 
alcohols The carliohjdrates nre geiicrallx dixidcd into three group 
monosaccharids such as dextrose and Icxnlnsp, disiceharjds such a* 
sucrose, milto e, and lactose, nnd polxsicchurids such ns sfircli, dextrin, 
ind cellulose The ending “ose' is given to the monosiccharids nnl 
disiccharids according to the number of cirlwn atoms contnincd in the 
molecule Thus, one spe iks of a pentose C HuOj, or a hexoso CoH, 0,,, 
or a hexobiose Ci II Ojj 

Fats — Fats ire distributed widelx m both nnimil and plint kingdoms 
In the latter thej occur ehicflj in the seeds, fruits, and in some mstaoecs 
m the roots They occur in all animal tissues m vnrxmg quantitj 

Chemically the neutral fats are the glyceryl esters of fatty acids The 
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neum, and the tissues about the kidnc} 9 Thes>e depots constitute a reserve 
upph of fit to be called upon m time of need The duration of life 
under the condition of starvation generally depends upon the quantity of 
fat present in the organism at the start (Lash) The sources of the bod^ 
fat are the fat of the food avliich ma> be deposited without change, and 
carbohydrate, uhich is readily transformed into fat 

It has not been definitclv proven whether fat can be formed in the 
human body from protein however the evidence tends strongly to sub- 
stantiate such a view Fats mav hb farmed from carbohydrates but the 
exact mechanism of the proi ess is still somewhat obscure It is likemse 
uncertain whether glvcogen can be formed from fat 

Uses of Water — Appmximatclv two-thirds of the bodv consists of 
water Water forma an integral part of practically all the tissues, and 
scries as a means of transporting, nutrient* to and waste products from, 
the cells Since water is constantlv given off from the bodj through the 
hidnej s skin lungs, and m the fccts it is evid®nt that to maintain the 
composition of the tiasnes, these losses must be made good Animals die 
sooner of thirst than of hunger Deprivation of water causes not onlj a 
change in the composition of the tissues, but appears to lead to the devel 
opment of toxic albuminous products 

The average daily water requirement is about two liters, of which 
one-fourth is taken in the form of solid food The demand for water in 
health varies directlv with the losses which in turn vary with the amount 
of exercise the external temperature and the character of the diet A 
diet consisting largelv of piotein incrcsses the desire for water The 
variations m the demand for w-itir which are occasioned by disease are 
seen in fevers diabetes molhtiis and chronic interstitial nephritis 

Deprivation of water increases the destruction of protein in the major 
ity of instances, though to a less extent m fat than m spare per«ons Pav 
lo\ has called attention to the diminution of the gastric and pancreatic 
'eeretions which follows a deficimt intnke of wati-r Limiting the amount 
of water does not increase the distraction of fat as was formerly believed 
This fact has special signiticsnce in the treatment of obesity 

Uses of Salts — Organic life is dependent upon the presence of salts 
''slts enter into the composition of living matter, and therefore are true 
foods 

The elements concerned in mineral metabolism have a diversity of 
important functions in the bodv The skeletal structure of the body, 
namely bont owes its pennjnence and rigiditj to its composition of the 
mincnl silts furtbcrniore they an essential solid constitueuta of the 
soft ti sues of the Imily such as muscli-s, etc By virtue of thcir being 
olublc ilts lield in solution in the ymous fluids of the body, they exert 
their influence in blnod-clntling irritability of muscle and ncrye and 
the maintenance of the slight alkalc cence of tho body fluids at the same 
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Gelatin is an inndeqiiafo protein, as, mJhIc it is rcn(lil\ digested and 
oxidized to carlxiii <IioxuI water, and nriHi mid Melds enerp, it is in 
capable of maiiitaimnp the liods in nitrog* n cxpiilihriiim Gelatin is 
doticicnt in t^^ptophml, terosin and cjslin Osborne and AfendLl worl 
inp with other deiicniit proteins liaii emnr to llit poiiclii«ion that tlif 
amiiio-acids, hsin, triptophan and ci'tin an nece® arv as eonstructivt 
units in prowth, and that triptophan and cistiii art nccc«<ary for 
maintenance 

Under prncticil eonditioiis liouciir, «e an. not deilinp with sinpiv 
purified protein* sineo our roiiimoii protein foods all fYintnm mixtures 
of proteins Thus an\ of the fooils will furnish more than one protein- 
Osliorne and Mendel hn\t dt iiioiistnted that proteins will supplemriit 
each other 

Uses of Carbohydrates — Cnrltoliidrntcs arc the cliicf source of the 
Itodi a cnerp, whether expressed lu (he form of inii«ciilar work or in the 
form of heat The csrl>oh\drnlt of the fooil is transformed into phcngeii 
and stored principslN in (he liser and m««cl(s until iieidcd An excess 
of enrbohidrate OMr the «la»h needs leads to more eoinpletc fillinp of the 
pheogen depots or it is transformed into and storeel as fat Tlio bods 
has not howeicr an tinliimted (olormieo for ciirl>oli\dratc If too much 
lie taken supar appears m the urine, pitKlucinp alirnfiitars plsco nna 
This 18 cspecialh true for siipars It Ins Ikxii stntid tint no amount of 
starch in the food can cm e phcosuria txeipt in dnlx'tics or tho c pre- 
disposed to lh( disease kcnusi of its slow rate of absorption 

Another function which cirbolndrate si nes is to ppart protein MTion 
neither carbohydrate nor fat is ainilahh, ns m the late stapes of stnna 
tion pncticalh all of the enerp is denied from protein If protein 
and carlxilndrate alone or protein and fat alone lie pnen to an animal, 
Ie «9 protein is destroyed with a lilHril supply of cirliohydritc than a 
liberal supply of fat Kubiier eueereded in reelueiiip the nitropoii output 
of a starrmp man one-half hy priiip csrliohydnite Cnrlioliydrntc is 
therefore called a sparer of protein, ond U is tiideiit tint oirlioliydrato 
IS a better sparer of protein linn fat But if Iioth earlioliydmtc and fat 
1)0 giicn, in addition to protein, (liey appear to he dynamically eqiimlcnt 
calory for calory I anderptn found that a diet fumi«hinp one-half of 
its calorics as fat and one^-lnlf as carbohydrate protects protein as com 
plctcly as a diet composed iiitmlv of cnrboliydrate 

^^iile carbohydrate cannot replace the protein required for the proyrth 
and repair of the cells of the Lodi, it is probably necessary for the forma 
tion of the perfect protein molecule 

Uses of Fat — lat constitutes an important soime of cnerpy, and, 
like carbohydrate, is a sparer of protein The fat of the food, when not 
needed immediately for oxidation, is deposited in the tissues of the body 
The principal fat depots arc the subcutaneous tissues, the Iner, the pento- 
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grow and usually develop tbc eve di'^easj The occurrence of the eje 
disease has also been noted among children suffering from vitamin (A) 
deficiencv Block reports ol the Danish children whose xerophthalmia 
vielded readily to diets rich in vitamin (A) McCollum, Simraonds and 
Parsons have attributed "night blindness” an evt trouble in northern 
regions to use of diets poor in vitamin (A) Ihe lack of vitamin (A) 
maj cause abnormalities and weaknesses other tlian the eve Osborne 
and Mendel refer to diarrhea and diminished appetite, and McCollum and 
Divis and Drummond to lung weakness 

Dtslribuiioti of 1 liamxn (11 —It is quite widely distributed through 
out nature occurring in many ol the animal fats such as butter fat and 
cod liver oil, hut is generally lacking in all rentable oils It is present 
in most of the leafv foods and in roanj roots such as carrots and sweet 
potatoes 

Physical and Chemical Propertus of \ damtn (A)— It is u uallv 
associated with fats and is soluble in the ordmarj fat solvents It is 
quite readily deatrojed bj oxidation such as aeration at high temperaturo 
or ozone It is not verv rapidh destroyed at temperatures below 100 0 
and apparently withstand* sneh treilment as cooking, canning and 
drying 

Vitamin (B) — To Eijkmin and Hopi ms we must attribute the credit 
of calling attention to this unknown substance which Funk christened 
iifamm Benbcri a disease of »hc Orient where polished rice and fish 
ire the principal foods Ins long Keen known Eijkman in 1807 was able 
to produce a similar condition in pigeons and found that bv adding the 
net polishings to the diet the svmptoms were relieved The growth 
pTomoting substances dtmcmsiiattd bv Hopkins in milk and cilltd by 
McCollum water soluble (B) are probvblj identical with the antmeuntio 
substance which Funk called vitimm however there is some difference 
of opinion as to whether Mtamin (B> is an entity 

Effect of Lad of 1 tlamtn (b ) — In diets lacking in vitamin (B) 
voung animals cease, to grow become wtik and usuallv polyneuritic In 
man it may lead to beriberi iicndcl and Osborne and Iv.arr Lave demon 
strated the influence of vitamin (B) upon the appetite 

Occurrence of I ifamin (B) — In plmts it appears relatively abun 
dantlv in leaves roots tubers seeds and fruits, aud in animals m the 
glandular orgaits eggs and milk 

Physical and Chemical Properties of 1 iftmm (B) — It is rcadil> 
oluhli in water and diluti. alcohol It is more stable in acid than alkaline 
solutions Chick and Hume have found that it is little destroyed bv two 
hours beating at 100 C, abont one-hilf destroved in fortv minutes at 
113° C and up to nine-tenths distrovtd in two hours at 118° to 124 C 
From these results little dcstniction should oevur in ordinary cookinij but 
commercial canning and sterilizing may cause considerable loss In cook 
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time furmsliing nciditt or nlkalmit} to the <ligp«tnc juices Thej also 
influence the ohciit piniLr nml o motic pressure of the hlood and tissue 
fluids 

A man under n^erago conditions excretes from 20 to 30 grams of 
mineral silts per dij 


The \ iTiMivs 

Studies in nutrition in rcciiit xeirs ha%o firmU established that tL( 
food factors known ns Mtamin'* are indispctisiblc for the welfare of tlie 
Diiiin'il orpniii'in It is onh within the last ten or fifteen jcirs that we 
lia\e rinlizid tint eliniiK il nnahaes of fooiU for proteins, carlwhidratis 
and imneruU an iiiaunicunt to mcil thtir biologic lahic Formerly 
a food was eun-^idirwl «uflici(iit for imtntne riqiiirLmonts of the bodx 
if it fulfilled ctrlun e-^tal li«li(d stindinls ns to total digi'^tibiliU, avail 
able cucrg\ and pmtems To-dM, in addition to the alwxe rc<imrcmtnt, 
we rccognut tlie iieid of certain c««<ntial siilntniitts — flic Mtamuis 

Hopkins was the tip«t to <ltnion«tratc ckirlj that iionnal nutrition 
reqiiins other food sulismmes tlnii proiiins, cirbo)jMJr*ite«, fats and inm 
erals Tlio mme Mtimiiit was giitn to (hc*o snbstinecs bj Casiincr 
Funk in connection null Ins work on bcnbcri McCollum and Kenned' 
suggested that we tall tiicm fat soluhit ( \), water soluble (13), to which 
was soon addid water solublt (C) Drummond has simplified the ter* 
JiunolojC' bt proptiaine tint wc drop the fiiul e and retain \itnmiii as a 
group name and u t letters fordistiiigui hing tbe various kriowni members 
until cbcmicil iiarats are justified Iltnce according to Drummond the\ 
shall be called vitamin (A), (13), (C) (D), etc. Ibis later terminology 
has been tjuite gencnlh accepted and will be u«ed m the following 
iliscu«sioii 

Our knowledge of vitamins is still iii tbc ‘making’’ and our prc«cnt 
concept mav be wholh cliniigrtl iii tlie coiiiiiij^ vear^ At prc«ent wc know 
of three Mtaniins with qniti strong cridcnce of a fourth The chemical 
constitution of all is still uii«olvrd 

Vitamin (A) — Hopkins in I'tOti, found tlmt voung mict failed fa 
grow upon a mixture of purified protcuis, cBrbohvdrntC’’, fats and salts, 
while the addition of milk or the alcoholic extract of milk rendered such 
a diet adequate for normal nutrition and growth JlcCollum and DaviS 
and Osborne and Jleudcl indcpcndontlv discovered that joung rats grew 
or failed to grow dtpcndin,^ wbctlicr the diet contained butter or lard 
This gave evidence of «oinc fat <»oliible substance m butter fat which pro- 
moted growth later Osborne and Mendel found that rits sufTenug 
from lack of vitamin (A) developed a peculiar eye disease called 
"xerophthalmia ” 

Effect of Lack of Ftfarntn (A) — ^koung animals at least cease to 
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In order to include 'vitamins in our diets, it Lccomes necessary to 
knoiv how to choose such a diet Certain approximations of the vitamin 
content of foods haie hcen imdc and may be used as a limited guide 
m selecting vitamin diets The following table has been copied from 
The T ifamm Manual and acknowledgment is bereb\ given * 


ViTvvii'i Co\TEVT or Foods* 


Cl f Fo d t 9 

V 1 m n (A) 

Yt m (B) ' 

Vtm (C) 

Fats and oils 




Butter 

+ + + 

0 


rfFPiim 

+ + 

0 


Cod bver oil 

+ + + 

0 


Hutton and beef fat or euet 

1 + + 



Lard 

0 



Olive oil 

0 



Cottonseed oil 

1 0 



Coconut oil 

0 



Cocoa butter 

0 



Linseed oil 

Fish oil whale oil hernns 

0 



oil etc 

Hardened fata (hydro 

++ 

1 


gensted) of animal or vege 
tal le oriRin 

0 



2farsarin from animal fat 

In proportion 




to animal fat 
used 



Jlargann from vegetable fat 




or lard 

0 



Nut butters ' 

+ 



''teat fish etc I 




Lean meat (beef mutton ' 




etc ) 

+ 

+ 


liver 

++ 

++ 


Ividncys 

++ 

+ 


Heart 

++ 

+ 


Brain 

+ 

++ 


Sweetbreads 

+ 



Fish white 

0 

"V ery slight 


Fih fat (salmon herring 


limy 


etc) 

++ 

"Very slight 


Fish roe I 



i 

+ 



Tinned meats 

f 

Very slifeht 

0 

+++ 1 ai t ab dant ++ «l tl «Ij 1 gt 

+ pr » t In m 11 

•mo t 0 ibwDt 


tdJr Milter II T1 e Vitamin SUmiil pnbli hel t; Mill m» and Wilkins 
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ing it tnaj bo vcr} ncarK nil loH Lj extraction if the cooking water is 
rejected 

Vitamin (0) — Vurr\ iiAslongiteinnttrihntid to a fanlt\ diet Ilolst 
and rrohlich found that guinea pigs ixadih d(ieIop(d ecll^•^llkc snnp- 
toms nlun fed on a certnl or brtid diet Jhr-c workers found that the 
introduction of fresh carrots or cabbigt uoiihl nadih cure the disca cd 
condition Thc^ concluded that scum is cau^ctl hi a lick, of a chemical 
substance from the gcorbntic diets, and fiirtlw r demonstnted that it was 
casih dcstroicd hi cooking or driiiig Tlint <curii is a dcficicncv of 
iitnmin (C) has liccn nflirincd hi Hess, Cohen and ilendil and others 

/ ffeel of IjOcI of 1 t^amni (C ) — The lack of i if ainm (C) cauK'S the 
development of scnrii loth iii louiig and adult The di«risc is charac- 
terized hi swollen and hUeding gums, loo ening of the teeth, and charac- 
teristic lesions of the mucous memhranes 

Dnlnhution of I t/omin (C) — Among tlic vegetable foods, fruits 
and siieculont vogeJnbles, such as oranges, lemons, (onntocs and fre b cab- 
bage, are the best sources In the animal products it js present in milk 
and small quantities iti meat 

PhysKol and Chomcat Proptrlifi of ^ i^nmin (C)— It is readili 
water soluble, and more stable in aeid than alkntino solutions It is quite 
readili dostroied bi licat oxidation and drjing 1 n)ni studies made on 
Its stabiliti it IS found tint loss of it« jmtence is lost m hentint. at a hiji 
tempernturo for n short time than the rcMr e This is important in the 
matter of dried milk Hart, Mccnlioek and ''luith haie found tint dried 
milk made be the drum proee s retains tonsidenhle nuti«eorlutic value, 
while that made bj the aprav process is of much less potener 

Vitamin (D) — Ilrccnth strong evidence is lieing fumi«heHl that we 
hsse a fourth member of the interesting vitamin fnmih Mtamiii (D), 
which is iiitimatiK connected with the calcifieition of l»ono Iless m lus 
studies upon infantile rickets bns demonstrated that cod Iner oil is almost 
a specific for rickets AlcColliim, Sinimonds ‘'Inplej and Park pro cut 
vorj substantial eeidenco of an anfinchific xitainm present in cod liver 
ml which is distinct from vitamin (A) V> fir this vitamin seems to be 
limited to the fish liver oils such ns cod hver oil 

Selection of Vitamin Diets — riiert. is no mson to suppo'o that the 
vitamin needs of the bodv cannot he supplud In use of our v\ide«prcad 
natiinl foods Jfanj vvidtlv advertised products have appeire<l on the 
market, claiming special virtue in their viHmm content Bvilej at tht 
ronnocticnt Agricultural Experiment Station has biologicnlh anihzid 
a number of the«e commercial vitamin compounds, n«mg ns a standard 
dried brewer’s yeast AVhen aiialvrod on this basis, approxinntelv ’lO per 
cent of the advertised compounds showed inferior vitamin content A 
few showed about an equal potenej and onlj two or three of the products 
studied showed a greater potencj than jea«!t 
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Vitamin Comem of Foops* {eonltnued') 


Cl f F od tuff 

t t mo <A> 

\ t m a (B) 

T-Umin IC) 

S egetable and fruits — Cont 




Lune juice fresh 




Lune juice preserved 



^ery slight 

Orange juice fresh 




Baspbernes 









+ 

+ 

Very slight 




++ 

Nuts 

+ 

++ 







t 

+ + + 


Yea t estrnct and nutolyzed 

» 

+ + + 


JUat extract. 

0 



Halt extract 


+ in some 




8] eeimenB 


Beer 


0 

0 

Honey 




Heats 





+ 

+ 

t 


+ + 




+ 




+ 




+ 



Herring 








Hidney 




Xean muscle 








Pancreas 

0 

+++ 


Pig heart 




Placenta 




Thymus sweetbreads 

0 



Vegetables 





+ 

+ 



! 

Little 

+++ 


+++ 




++d- 




+++ 


+4- 

Cauliflower 

++ 

+++ 

+ + 

Celery 

1 




+++ 




+ 

++ 

1 


++ 

++ 

+++4- 

"Mangeli 

++ 

++ 

? 


1 

+++ 

4-+4- 

Parsnips 

+ + 

+++ 


Peas fresh 

+ 


+++ 


1 dl trs (b d t -f-<- rrlatl if Urc* + p re t la smlll n t 0 tb t 
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^ iT\Jil\ CoNTfST or (fon/jnupt/) 


CUs r r F d lufTi 

Mumia (A) 

Mlamln (B) 

MumJ (C) 

Milk chcf?«e etc 
ililk co« 9 whole raw 

++ 

+ 

+ 

Milk cows skim 

0 

+ 

+ 

Jlilk cows dried whole 

Le<3 than 


Loss than 

Milk cows boiled wlule 

++ 

! 


+ 

Lo*s than 

Milk cows condLiiscd sweet 
ened 

+ 

+ 

+ 


+ 


than 

Choc c skim milk 

FpffS fresh 

0 

++ 

+ + + 

+ 

or 

Fggs dried 

++ 

+ + + 

01 

Cereals pul os etc 

Mheat maize nee (whoh 
cerm) 

+ 

+ 

0 

Wheat maize nee germ 

++ 

+ + + 

0 

Wheat maize nee bran 

0 

I- + 

0 

White wheat tiour pure com 
flour polished nee etc 

0 

0 

0 

Custard powders egg eubsti 
tute prepared from <xrcal 
products 

1 0 

0 i 

0 

I m ced millet 

++ 

++ 1 

0 

Dried peas lentil* etc 

1 ea flour kilned 

^ + 

V 

D 

Soy bean* haricot beans 


++ 1 

0 

Germinated pul cs or eercal* 



++ 

\egctablcs and fruits 

Cabbage fresh raw 

++ 

+ 

+++ 

Cabbage fre h cooked 


+ 

+ 

Cabbage dried 

+ 

1 + 

% cry slight 

Cabbage canned 

Swede* raw CTprc sed juice 
Lettuce 

' ++ 

+ 

■\ ery slight 
+++ 

Spinach dried 

++ 

+ 


Carrots fresh raw 

+ 

+ 

+ 

Carrots dried 

Very slight 


Lc«s than 

Beetroot raw expressed juice 

+ 

+ 

+ 

Potatoes raw 
potatoes cooked 

Beans fresh scarlet runners 

Lemon juice fresh 

Lemon juice preserved 



+ 

++ 

+++ 


+ + f I dl ate* nbimdnnt ++ tvlatl ly brg + rr t t I mall amo t o absent 
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ViT»Mt\ CoNTFNT OF F<ioi»s* (rottitnuril) 


F od mfr 

' Mlaiain (A) 

Mtimln <n) 

\itamla (C) 

\ ogctnblcs — Conf 

i 



Potatoes 

0 

+ + + 

+ + 

Potatoes sweet 

+++ 

+ + 

1 

Putnbapa 


+ + + 


Spinaeh I 

+++ 

+ + + 

+ + + 

Cereals 




Barley 

+ 

+ + + 

! 

Bread white 


+ 1 


Bread wholt meal 

+ 

+ + + 

I 

Matze 

/ + In ullow 1 

1 Oln white ) 

+ + + 

1 

Oats 

+ 

+ + + 

0 

Rico jwhshed 

U 

0 

0 

Rieo whole pram 

+ 

+++ 

0 

Rye 

+ 

+++ 1 

0 

Com emhou 


+++ 


Com Kaffir 


•f++ 


Corn (see Claire) 

Corn pollen 


-i + 


Malt extroet 

0 

0 

0 

NNTieat bran 

0 

+ 

0 

heat embryo 

+ + 

+++ 

0 

\Micat endo’Term 

0 

0 

0 

heat kernel 

+ 

+++ 

0 

Other seeds 




Beans kidney 


+++ 


Beans navy 


1 +++ 

1 0 

Beans soj 

+ 

! +++ 

0 

Cotton eed 

; ++ 

+ X + 


FlaTsectl 

1 ++ 

+++ 


Ilenip feetl 

++ 

+++ 


Millet seed 

, ++ 

+++ 


peanuts 

' + 

++ 


Peas dry 

+ 1 

++ 

0 

Sunflower seeds 

+ 



Fruits 




Apples 


++ 

++ 

Bananas 

1 

+ 

++ 

Grapefruit 


1 +++ 

+++ 

Grape juice 


+ 


Crapes 

0 





++ + 

++++ 

I/imes 


++ 

++ 



+++ 

++++ 



++ 

++ 



+ 

+ 

Tomatoes 

++ 

+++ 

++++ 


+++ w«llc Ml ibunlant ++ r l»« ilr ■ re* + pr wnt In m«ii m unt o ab nt 
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TiTMtiN CoMEvT OF Fvoiy** (eoniintied) 


F d U 


t t mn (A) 

V t mi <B) 

0 

0 

+ 

0 

+ + + + 

0 

0 

0 

++++ 

0 

0 

0 

0 1 

0 

++++ 

0 

++ 

0 

0 t 

0 

+ 

0 

0 

0 

0 

0 

0 t 

0 

0 

0 

0 » 

0 

+ 

+++ 

+++ 

+++ 

++ 

+++ 

+++ 

+++ 

+ 

+ 

+ 

+ 

++++ 

0 

++ 

+ 

++ 

+ 

+++ 

+ 

++++ 

++ 

+ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

+++ 

+++ 

+++ 
Varies with 

+++ 

++++ 

++ 

0 

0 

0 

0 

++ 

+++ 

0 

++++ 

0 

++ 

0 

+++ 


Oils and fats 
Almond oil 
Beef fat 
Butter 
Coconut oil 
Cod liver oil 
Com oil 
Cotton seed oil 
Egc yolk fat 
Fish oils 
Lard 

Oleo animal 
0\eo vegetable 
Olive oil 
Pork fat 
Tallow 

Vegetable oils 

^Ut8 
Almond 
Brazil nut 
Che&tnut 
Coconut 
English walnut 
Filbert 
Hickory 
Fine 

Dairy products 
Butter 
Cheese 

Condensed milk 

Cream 

Eprs 

Hilk powder skim 
"Milk powder whole 
Milk whole 
AVhey 

Miscellaneous 

Alfalfa 

Blood 

Honey 
Jfalt evtract 
I«eetar 
Timothy 
Teast, brewer’s 
Teast cakes 
Tea t extract 


+++ 


+ + 


«2 ^UT^JTIOV \XD BIETFTICS 

Condiments — Under tlicpincml linit, *'«c«.''>or\ article's of diet,’ are 
tln««cd the coiuliniento fln\or'«, and stiimilaiit® These substances are 
added to our diets to imrrn«e tlicir nltriducncss and p'llafaliihu, nl 
though the\ nn\ iinpnrt a certain amount of eiicrp li\ tlicir oxidation 
Some of the«e PubstaiKe« due to tlnir incrcT«iiig pil itahilit\, extrt a 
so-called ps\chinl stiinnliitinn xiliicli facilitatts fri«tric si’cretinn and thus 
matcrialh aids in p^ustric di^i tion 

Gauthier has diMiled condiments into the following classes ( 1 ) aro- 
matic , comprising lanilln ani»e, cintiunion, initincg, and other c«^cntial 
oils, ( 2 ') pepjiors ( 5 ) the nlliaicous condiments — ^p-irlic, mustard, eft , 
( 4 ) acid conduiunto — \mepar, citron, pickles, etc., (’>) the salU condi 
mints, such as table silt ( 6 ) the sttgir condiment Under the heal 
of stimulants arc incliuhd alcohol, ten, cofTto, cocoa, chocolate, and meat 
extracts 

Alcohol —-The OT ict lalnc of alcohol ns a food is somewhat uncertain. 
rTporinunts made on mm howeier, clcirh show that alcohol is burned 
lip in the hod' Its p.itential ciierp is truisforiiied into kinetic cnergj, 
and thoreforc alcohol is oonsidcreil os ha'ing food mIuc \\hile it acU 
18 a food sparer it imv not Iki a desirihle food Prior to its oxiditiau 
111 the bod' alcohol ima produce deleterious clTeets of various kind*, 
which countcrlnlnnoe the gam from its oxidation 

Tea and Coffee — The «iiniulntiiv eflcct of lea and cofTcc is duo to 
the prescnco of cafTciu Tins alkaloid has a diuretic notion on the kiduev 
and raises blood pro sure Muscular cnerp is aiipncnted and the 8 on*e 
of fatigue 18 di sipatod b' the 11*0 of tin «c stimulants 

Cocoa — Cliocohlc made from cocoa b' the addition of sugar nnJ 
fla'oniig agents acts ns a stimulant through its content of thcobroimn 
It also contains fats carboh'dratos and protein 

Meat Fxlntcla — In themsehes iIk e extracts ha\e vcr\ little food 
'aluc Their 'alne lies in tlicir content of nitrogenous cxtncti'cs, manv 
of whicli arc stimulants The^ nl 0 call fortli a copious secretion of 
gastric ]uice and for this m«on hn\c liocu called secretogogues 

Acii>-i orMiMi AND Bvsl i-oi hino Fooivs 

The reaction of normal human hlomi is shghtl' alkaline, hut this is 
60 slight tint blood and protoplasm mas be spoken of ns neutral 

The processes of metabolism cause a coutiniid production of acid 
(carbonic, phosphoric, and sulplinric) which must ho dispo&cd of m order 
to maintain neutrality 

The factors tint arc conct-rned m the maintenance of neutrality are 
( 1 ) carbonates, ( 2 ) phosphates, ( 3 ) ammonia ( 4 ) proteins 

Henderson has worked out the xarious relationships of the difTcrtnt 
factors m the maintenance of ncutralit' under normal conditions The 
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livdrogcn ion concentration depends upon the ratio of IT COj The 

AaHCOs 

mechanism of the maintenance of this ratio is too involved for detailed 
discussion here, and the reader is referred to other sources 

The normal acid production in man on mixed diets is taken care of, 
in part at least, hv the formation and excretion of acid phosphates An 
increased aciditv ot the urine naiiallv meins an increased ratio of priman 
phosphates to aecundarv phosphates bnt without any necessary increase 
of fi-ved alkali leaving the body In the neutralization of sulphuric acii 
by phosphates eich molecule of sulphuric acid converts two molecules of 
sccondarv into primarj phosphate This surplus of acid phosphate must 
bo excreted to maintain the normal equilibrium The neutralization of 
sulphuric acid, formed in the metabolism of proteins by potassium or 
sodium carbonate of the blood niav lead to a depletion of fixed alkali 
in the blood 

Formerly it was believed that ammonia was used for neutralization 
of acid by the liver and ti«->ues Rccentiv however Na h and Benedict 
hive demonstrated tint 'immoun docs njt exist m the blood except in 
traces, and that the kidney is the seat of nnnnouia formation Under 
these circumstanees icids must be transported in the body in combina 
tion with fixed bises or proteins Thus there msv occur a loss of fixed 
alkali from the body when there is a moro rapid introduetion of acia 
Tsdicals into the bluod atryaiu (Inn thi* normal kidnev can eliminate or 
can make ammonia to combine with them while eliminating Thus when 
there 13 an ahundince of strong acid to be neutralized unless made good 
hy the base formini; elements of the fold there probiblv results loss of 
fixed alkali with a lowering of the alkali reserve of the blood. Hence 
(here is a relationship among iJic ash constituents of the food m acid 
forming and base forming ehmeiits in the maintenance of neutrality of 
the body 

AVbile a continuous excess of acid forming elements m the diet is 
probably not harmful, the decreased unc acid solvent power of acid unnes 
13 well known 

Blathorwick has studied a ionsideraWe number of the foods, and found 
that foods with a preponderance of base forming elements tended to de 
crease the acidity of the urine and to imrea e its solvent power for unc 
acid while a prepmdcriiKP of acid forming ckments tended to form a 
more acid jirine w ith a de< n i cd uric acid solvent power and a tendenc' 
toward a dipktnu of the alkali reserve 

The following foods hue been studied by Gherman and Gcttlcr * 

tan and Cow ker Jo nal f I ol ic«l Ch n strr J917 irx SS 347 

(01 1017 ixx I 4 401 3018 vivtii 71 1910 xxxxin 1C7 10 0 xh S67 10‘»1 

ihm 153 

fcifrtuan anl G ttlcr Journ 1 of BuyIo|,i al Chemi Iry lOl* xi 5 3 
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A'-n An^uscs or Siifruas ^^D GETTLrn Etce«s or AatvronM&a on 
IU<>e roRuiNc Plemevth 


{Fxttss Ifirf or Ifa*e ta Terms of Norma? ^o/ii/ww) 


A ti Im ot Fo«d 

P»r lOO 




A 14 




Mmonds 


123*> 



Applf^ 




5 93 

Vsparafnis 




3 Go 

Bananas 




5 02 

Bean* dned 


23 s7 


6 92 

Bean* hmn dried 


410^ 


1203 

Beets 


10 80 


23 o’ 

Cabbape 


434 


13 76 

Carrot* 


1082 


23 91 

Cauliflower 


5 33 


17 49 

Celery 




4217 

Cherry juice 


Btfl 



Chestnuts 




319 

Com sweet dned 



1"7 


Cracker* 

"SI 


lOo 


Currant dned 


507 


185 

Fel 





Fpg* 

11 10 


“■ 10 


Fpp white 



OS^ 


Epp yolk 

Of f9 


70S 


Ft h haddock 

10 07 




Ft h pike 

1181 




Ixmons 


>r 4.f 


1233 

Lettuce 


737 


33 69 

^^eaf beef lean 

1391 


12 10 


Meat chicken 

1701 




Meat frog 

1030 




Meat pork lean 

11 87 




Meat rabbit 

14 80 




■^feat Acal 

13^2 




ifeat Teni on 

15 83 




Milk cow 8 


2 37 


3 44 

Muskmelon 


7 47 


18 82 

Oatmeal 

12 03 


3 23 


Oranges 


5 01 



Peaches 


5 04 



Peanuts 

39 


0 70 


Pea* dried 


707 


1 93 

Potatoes 


710 


803 

Prunes 


24 40 


8 05 

Radishes 


2 87 


9 79 

Raisins 


2368 


6 87 

Ba«pberry juice 


4 91 




81 


3 35 


Turnips 


263 


6 86 

Wheat entire 



3 2^ 


Wheat flour 



2 70 










TOTAL rOOD REQLIPFilELT 


85 


Total Food Reqdieempm 

The bod} derives the ene^v required for the performance of its func- 
tions from the food the potential encrgj of the food being transformed 
into heat and worh itbont wime knowledge of the food requirements in 
health, it will be found difficult to arrange rational dietaries for patients 
In health the appetite constitutes the thief guide to our needs and is in 
the main reliable That it is not alwavs so is evidemed by the various 
disorders from oierindulgenee or imderindulpence in food 

1 u Q methods ha\ e hten emplo>ed to determine the daily food xequire- 
inent of man the empirie and the experimental The empiric method 
consists in studjing the food habits of a large number of people m various 
occupations and taking the average (|Uantitie8 of food, and foodstutfs, con 
sumed by each class The experimental method consists esscntialli m 
incaauriiig m terms of heat, the amount of energy produced bv the bod} 
under different conditions as when at work at rest, and on different diets 
"Many important facts hare been obtained from studies of metabolism 
carried out upon the lower animals 

Our present knowledge concerning metabolism in man has been de- 
rived from both the empiric and experimental methods The results of 
the p studies have fumi bed us with uhst are knoun as standard require- 
ments It should be pointed out however th4t these stsndards arc not 
absolute , the} are simply guides, which mav and should, be varied accord 
mg to the requirements of different individuals 

The total food requirement is geiKrallv expressed in calories or heat 
units The term calorv unless qualified may mean either the amount of 
heat necessvrj to ni e 1 gram of wvier from 0* to 1® C or 1 000 grams 
of Water from 0° to I** C Thev are designated respcctueh as small and 
large calories Usnallv the distinction is made bv using an initial capital 
for the large calorv thus Calorv means large calorj The term 
‘calorv,’ as ordinaril} eroplo}ed in medical literature, should be inter 
preted as large calorj 

The bodv follows the general law of the conservation of energ}, that 
19 the eiier,,v j lolded b\ the food which is actualh ohsorbed and oxidized 
and whieb is manifested as heat or heat and mechanical work corresponds 
with the potential energj of the different foodstuffs consumed Tlicro- 
fore It IS possible to calculate the incl value to the bodv of the 
different foodstuffs Rubner’s figures shown below arc generallj emplovcd 
for the purpose 

1 (ftain of protein futni hca 4 1 calories 

1 jtram of fat furnishes 9 3 

1 gram of carhohyJroto fomishes 41 “ 

1 pram of alcohol fumi 1 ea 7 0 “ 
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The total enorf^ roqummcnt bp tTprc«‘»c<I as calorics per Lilo- 
{.ram per (laj or cnloriis per square meter of snrfieo per liour The 
latter incthod is the inort arttirate, and the chart rcccntK published b\ 
Dll Bois and Du Ilois m ikts tin method prncticnhlc for lic-dsidc work (set 
Chart) 

Tho total oiicrpa requirement of an adult at ahtohilr rest (that u, 
without lohmtari inoirmcnt of an\ hind) and twelve hours or so after 
food is 22 to J( ealorus per kilopnim per dnv or 1, <40 to 1,820 calories 
for a mill wti^hiiig 70 kilograms (I'll llw ) flic total cnergj require- 





V/CICMi KILOCRANtS 

tio 1 — CnsRT roB DcTEnuiMTQ «kiBr*CE Abcv or iUx iv ^(jcwt Metcm rBOU 
WuoiiT IN Kilo(r\us and IIcioht in CcSTiMrmw Tlie point of Intemvtioi 
ordinate an 1 aWci a f r an; indnidual is found and tlie aurfuee area real olf rn 
the curvtJ linea For evamplr if a man ia 150 centimctcra in leight and I" 
CO kil>(rrama 1 1« approximate eurfacc area Biti l>c 1.55 square meters (After 
Du Ilois and Du Hois ) 

raent bj surface area is 7 calorics per square meter per hour Patients 
confined to bed are never at absolute rest, howttcr, within the meaning 
of the term, except during sleep or when comatose and tho cnerp^ value 
of their food, except under special conditions and for hricf periods, «honld 
not be permitted to fill btlon this ininirnum 

A number of circumstances max modifx the demand for energy 
Among tilt more important of tlitsc arc tho np,e size of the individual, 
amount of muscular work, and di turbances of metabolism brought about 
by various diseases 

Age — The rate of metabolism vanes with the i^c of the individual 
It 13 greatest m infanLj and childhood and lowest in old age As will 
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bo seen on the chart (Chart 3) metHboh'^m, ^^hich is low at birth, rises 
rapidly during the farst ycir and roaches its niaximnm somewhere between 
the first and sixth \ears (this peiiud has not been thoroughly investi 
gated) Vfter the sixth year it tills npidlj until the age of twentj, and 
thereafter vcr\ slowly There is no difference between the sexes in 
infancy After the sixth ^ear giiK and women have a distinctly lower 
metabolism Du Bois found the heat production of bovs, 12 to 13 vears 
old, to bo 2o per cent above the adult level A surplus over the actual 
demand of the child should ulwivs be given to allow for growth 

Ileiihuer stites that the energv requirement of a child in the first 
three mouths of life is 100 Cilories per kilogram of bodv weight per daj , 



Fio ® — Chabt Snowixo \abivtio’< of Hasau Metaholisu with Aor Cdloneg pgr 
lour pe fquare mete of body surface VIech formula Daah line abo«B average 
for malce dotted line for females (After Du Bom ) 


in the second three months *>0 Calories thereafter, SO Calories and less 
per kilogram llic energy supply should not be allowed to fall below 70 
Calories per kilogram 

Sue — In f,enci il persons of lar„c frame and build require more food 
than tho c who are small The increase however corresponds to unit of 
’urface arei rather than to wvight For this reason persons who are fat 
require rclativelj Ic's food than those who are thin though a fat person 
expends more tnergj in the perfonaante of muscular work because of 
the gmter effort required to move bis hod} 

Muscular Work — flic pcrformiuoc of inn ciilar work is acLompinied 
hv an increase in metabolism and a greater supply of food is demanded 
Hio lucrtiixo IS chaflv at the expense of fat and carbohydrate though 
when thev are not available protein mav be consumed Manv luvestiga 
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tioiis lln^c shown tiie rtlalioii of inu«cular work to nictaholism The re- 
sults cm 1)0 best illustrated b> the following table, arranged Atwater 

Food CoNststmoN oi Peiisons in DimnENT CjncujisTANCEs and Proposed 
BiETsni Standards* 


((Quantifies per man per dat/) 



1 A«l ally Eilaa 


nigr II 

bla 


0( np lleni 

O m 
Pro 

Oran 

tat 

Or m 

C rbo 

ua 

0 mi 

t 

Orimi 
F t 

0 in* 

1 C bo 

lalsa 

l 

C*1 ri > 

I er«ons with Active \\ ork 
Rowinfi clubs in New FnRtrtml 

1 . 

177 

410 

143 

103 

42i 

3 055 

Picyclista in New \ork 

1*16 

1«0 

6^1 

171 

177 

Oil 

-005 

t'ootbnll teams in Uonnccticiit 
and California 

22*1 

3^1 

C31 

20S 

310 

CIS 

0-90 

Pru Sian machinists 

JW 

113 

077 

129 

107 

C.i7 

4^/0 

Swedish mcchnnics 

IbO 

110 

7H 

174 

1(^ 

C93 

4 590 

Persons with Ordinary \Sork 
Farmers families m ea ten 
United States 

07 

130 

40' 

89 

121 

4^3 

8415 

Mechanics families in Uiiitel 
States 

103 

1^0 

402 

95 

141 

390 

8^55 

Laborers families in larRt 
cities of United States 

lot 

no 

344 

01 

no 

334 

2810 

Laborers families in Ututc<l 
States (more comfortable 
circumstances) 

120 : 

147 

634 

119 

140 

518 

3 0’5 

Pussian peasants 

129 

33 

6S0 

119 

31 

571 

3 1C- 

Swedish mechanics 

131 

79 

v23 


t*i 

-07 

3,330 

Profe sional Men 

Lnivyers teacher* etc in 
United States 

101 

12.r 

421 

1 123 

00 

119 

410 

s^^o 

College clubs in United State 

107 

118 

4.9 

93 

141 

445 

3 5«0 

Certnon physicians 

ni 

95 

327 

121 

90 

317 

OObO 

Japanese professor 

123 

21 

410 

113 

10 

' 403 

‘>Si5 

Men with Little or No Fxercise 
Men (American) in rcspirn 
tion calorimeter 

112 

80 

305 

301 

70 

290 

o3«o 

Men (German) in respiration 
apparatus 

127 

' 80 

30i 

117 

70 

293 

2 430 

Persons jn Destitute Circimi 
stances 

Poor families in New ^ork 
City 

93 

9^ 

407 

60 

90 

395 

"845 

Laborers families in Pitts 
burg Pa 

80 

95 

303 

74 

90 

299 

2400 

German laborers family 

52 

33 

2ST 

43 

30 

278 

1 640 

Italian mechanics 

70 

38 


BU 

30 

384 

2,2 '’5 


r t and r rbohydr t I ffl I nt am g ta to fiirnl h tog th r with the p olfl" 
the 1 dlcated amount of nergy 
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Food Co^8UMPTIO^ or Persons in Different Circumstances 4N1) Proposed 
Dietary StusDihds iConUnutd) 



A tnany E 

I 


D g< t bl 


0 op n 

• 


0 m 

C b 
bp 
d t 

G ra 
F 

"it 

C b 

d t 

c 1 » 

Miseellaneons 

!Negro families in Alabama and 

86 

14» 

440 

79 

133 

407 

3 395 

Italian families in Chicago 

101 

111 

3J1 

95 

IOj 

379 

2 9b5 

French Canadians m Chicago 

lit 

15S 


109 


oiS 


iiohemian lamilies in Chicago 

115 

101 


106 


349 


Inhabitants Java village Co 
lumbian Exposition 1893 

6 <) 

19 

9o4 

61 

18 

‘>46 

1450 

itussian Jews in Chicago 

19 < 

HI) 


106 


40a 

8135 

iTexican families in New 

91 

<1 

613 

61 

61 

595 

3 4ro 

Chinese denti t m California 

11^ 

113 

089 

106 

JOT 

2®0 

2e'>o 

Chinese laundryman in Cali 


76 


194 


649 

3 480 

Chinese farm laborer m Cali 

144 

95 

640 

ll® 

90 

OK 

S9S0 

United States Army ration 

PO 

161 

454 

110 

153 

440 

8 730 

German army ration peace 

114 

39 

4N0 

lOu 

3i 

46^ 

0 725 

Dietary Standards 

145 

100 

4^ 

133 

9a 

437 

32 0 

ilan at moderate work (Voit) 

ll« 

56 

500 

109 

63 

435 

0 965 

Kan with vety hard musculir 
work (Atwater) 

1> 

(0) 

(«) 

161 

(fl) 

(a) 

5 500 

IXan with hard muscular work 
(Atwater) 

10 

(0) 

{•) 

133 

(a) 

(0) 

4150 

Afan with moderately active 
musculir work (Atwater) 


(«) 

(«) 

115 

(0) 

(.) 

3 400 

Kan with light to moderate 
mu cular work (Atwater) 

Hi 

(1) 

(a) 

103 

(«) 

(a) 

3 050 

Han at sedintiry* or woman 
with moderately active work 
(Atwater) 

ICO 

(a) 

(») 

92 

(«> 

(a) 

0700 

Woman at light to moderate 
muscular work or man with 
out mu cujsr exercise ( At 
water) 

90 

(«) 

(a) 

8 

(0) 

(a) 

*>450 


The oiici^j requirement of adults reduced to cnlories per kilogram of 
hodA Mcight ma\ bo iiniinariEod m tlic following table (\on ‘Noorden) 
In general a mm at ncarlj compltte rest requires on flic arerage one 
caloric per kilogram per hour 
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JsUlKITIOV iUD DII Trues 


Calowm Per KiLoratu Ptn Pvt 


Absolute rest 24 30 

OrdmarT r(st in bed 30 34 

Out of bod ^Mthout work 34-40 

ifodcrate work 40-45 

Hard work 4.> CO 


PpOTEIV, l-AT, A\n C\RDOH\mtATE IUtIOS 

The relative proportions of protein, fat, and carl>oh\dritt. which 
should enter into tht diet must bo oonsidtrcd, ns well ns the total food 
rtqiurcment 

Protein Requirement — The diih protein n quircrnt nt is nn important 
question in nutrition nn<l hns been tbe siibjctt of much discussion The 
optimum protein ntiou has not \ct Ken determined It probnhh vnrics 
with different individmls and under different condition*, such as external 
temperature, amount of work done, etc 

It his Ucn a sumed that n Iicilthv man under normal conditions would 
consume diih the nmoiint of protom winch he Ins found b% experience 
to bo "lilted to his needs Tbo olmo«t umvcr«al support which has betn 
nccordt-d to ^olt s rccomroondniion, until reeeiith, i« es«entiallr a rccog 
intion of this assumption \ftcr studiinj, the food Inbits of a large uutn 
her of people \ oit pinecd the daiK protein requirement of a man nt light 
work at 11^ gnras Atwater cmplo'ing the same method, found the re« 
quiremcnt to be 12i; grams a dm Hut within the ln«t fifteen jcirs or *o 
the corrcctnc<s of the \ oit and Atwater standards has been called into 
question, hrgeh on the basis of expcnmcnlal as contrasted w ith stnlntical 
studies Probibh the most important of these investigations has been car 
rud out b> Chittenden * He believes ‘ that the Voit and Atwater Btaiidards 
call for amounts of protein food far be\ond the requirements of the 
I>odi proMiled the total calorific value of the food is siiftcient 
that tht need for protein food nnv be full\ met b\ a dail^ metabolism 
equal to an exchange of 012 grims of it per kilogram of bodi weight’ 
For a man of 70 kilograms (1 i4 |inuiids), this repre ents 60 grams 
of prottin a dav, which is about onc-half tbe \ oit and Jc s than half the 
Uwatcr standards Chittenden s investigations wore carried out on pro- 
fessional men, students, and soldiers The cast of Professor Chittenden 
himself, suffering ns he had for jears from “rheumatism,” “bilious at 
tacks,” and sick headaches falls rather into the category of disease with 
possible disorders of digestion or metabolism, so that nn excess of protein 
over his minimal needs acted mjuriousH 

It will be aMumed in ttie dtscuMion of the daily protein requirement that fat 
and carbohydrate are supplied in aulTaent amounts 
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lloro recently Cliittenden has emploveJ the statisticil method on 
108 health\ persons selected at random nnd he states that as a group 
the^ represented the average t\pe ot vigorous manhood common to most 
uiiiversitv centers They mctaholiztd on an average 0 IJ gram of iiitro 
gen per kilogram of bodj weight as contrasted with the 0 22 gram of the 
\oit standard There is, therefore close corrrapondence between Chit 
tenden’s experimental and statistical results The statistical ohservations 
cspeciallj raise the question whether there may not be many per ons whose 
dailj protein requirement is cntirelv satisfied bv apprtciablj less protein 
food than is called for b\ the Voit and \twater standards 

Chittenden a views have met with vigorous opjwsition It has been 
pointed out that the most proerc one races of mankind consume protein 
in qumtities approximating the \oit and Vtwater standards Benedict 
cites the poor whites and negroes of the South as examples of the deleteri 
ous effect of the low protein diet Nieeforo calls itfeution to the sociolopi 
cal status of the laborers of southern Italv, and thinks it due to the small 
amount of protein in their diet MeCav has shown that the Bengalis 
who are inferior m phvsical devclopxneat to the UigJo-Indians and 
Eurasians metabolize only about T grams of protein a day, or 0 H gram 
nitrogen per kilogram of body weight But it cinnot jet ^ assumed that 
the relation of cause and effect in these cases has been established 

Experiments upon the lower animals indicate that the injurious effects 
of a low protein diet may not manifest themselves for a year or more, 
anil while it does not neccssanlj follow that similar injurious effects maj 
bo caused in man vet the experiments suggest the need for caution m 
accepting Chittenden s conclusions According to Luvk, there appeirs to 
bo no strongly substantiated argument why that portion of mankind living 
in a cool climate «bould not follow the general custom of taking a medium 
amount of protein in moderate accordance with tho dictates of their 
appetites 

Only a limited number of inTe«ti^ation8 into the protein requirement 
111 di'case have been made and an attempt to atate the requirement for 
different diseases would not be jiistihcd Therefore until the daily pro- 
tein requirement both m health and disease is more dcfimtelj determined 
tho wi est course for phvsieians and others, who have control of dietaries 
appears to be to follow the oldir standards or at least to permit persons 
to gratify their desire for protein food 

^ analtons m ike Protein Requirement — Tho demand for protein 
varies wicliiii much narrower limits than the demands for fit and carho- 
hjdrate An excess of protein is needed during the period of growth and 
according to Lusk, during tramiDe, to provide for tho accompanjing, 
hvpcrtrophy of tho mu eks 

The demand appears to varv al«o with different persKins of tho ame 
sociological status It is a matter of common observation that some per 
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sons eat nioro meat tlmn otlieis, claim tlint tlitir rfljticnc} is impaired 
if their usual supplj is diminislied OhI people, as a rule, take lc«! 
protein than tho«e in actnt inulille life 

Jlinuth jirotnn is not eoinerneil directly iii the production of energy 
for nni«cular work, proiidcd the fnt*enrlxjh\drntc supply is sufiicieat, a 
j,rcatcr amount of protein is allownt 1)> lioth the Voit and Atuater stand 
urds for occupations enlailinp plysicil oTcrtion Ao cntirch satisfactory 
c'splanation of the increased demand has been offered \oit a"sumed that 
iiui«clos cnpaj^d m nctiie uorX must have a frci piipjiH of protein qiiickl^ 
inailahlc ^lapmisl-cej thinks that the inert i«ed consumption of pro- 
tein 19 not the risuh of purpo iful sehction, \nil is incidental to the in 
I re Qse in the total food 

i lie inclinatinn to diminish (he amount of protein m hot ucathcr and 
hot cliiiiates is ponernl an<l finds its < xplaiiatioii in the hiph gpretfie dy 
namic action of protein, that is, the hiph prnjiortioii of potential cnergt 
uluch 19 lilicratctl a» free heal and trlncli does not take part in the vital 
iictiiities of the cells 

Our know ledge of the protein requirement tn pathological states is 
ier\ intornpletc Targe atiimmta of protein arc often taken in diahefes 
mellitus and exoplithalimc goiter The Ulief is current that an excess of 
protein 18 rcquireal duritig c<»tixole<cence from the acute infective di«ca«c8 
ljccnu«o of the febrile destruction of protein which occurs, hut there is 
ri i«on to qiustion whether an excess is required, if, during the eour o 
of tiicse di on es, nileipiatc supphes of carlxiliMlratc and fat arc furnished 

/n;uriows / ffeeti of <in 1 xccss of Protein —The bode dots not po« css, 
to anj marked decree, the power of atoriiig nitropuous suhvtancos The 
(iirbonaciHUis moiety of the protein luolociilc is split off and tlic excess of 
iiitrO(,eii is quickly climinateil, chiefly as urco It lias been stated that 
tiie uicrciscd work thus demanded of the kidtu is would damage them, but 
proof of the statrment is lacking An cxcc s of protein in the diet fre- 
quently causes disturbances of digestion, which may or may not be 
nforreil Bubjwtnclv to the aliniciitary tract It appears probable that 
products of protein putrefaction inns Ik. absorbed ami irritate the kidncis 
in their elimination proilncing albuminuria, and perhaps ultimately cans 
mg nephritis ‘'oiiie hcadaihcs appear to bt caused by disorders of pro- 
tein digestion or inetalxihsm or both — at least, pcreisfeiit headaches which 
art not due to any other diBcovrrable cause some times disappear avLen 
the protein ration is reduced to a minimum and tlie form of tho pro- 
tein is changed, for example, from meat to milk Professor Chittenden 
found that his rlieiiinatism grew better under the niflncnce of a low pro- 
tein diet Some forms of eczema disappear when meat is eliminated from 
the diet, and the totd protein of tbc food 18 reduced (Johnston) It has 
not yet been proved •whether an excess of protein is capable of causing 
arterial sclerosis 
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The Carbohydrate Fat Requirement — ^The greater portion of the 
energy of the bodj is derived from carbohjdrate and fat Since they are 
to a large extent interchangeable in the diet, thej maj be considered to- 
gether While it IS possible for men to live and to thrive, upon a diet 
of protein and fat alone, as in the cast of the Eskimos, or of protein and 
carbohydrate alone, phjsiologic economy makes it expedient that the 
diet should contain both fat and carbohydrate In a mixed diet carbo 
hydrate and fat possess about equal power as protein sparers As alreadj 
stated, Landergren has shown that a diet furnishing half of its calories 
as fat and half as carbohydrate has the same power as a protein sparer 
as a diet of carbohjdrate alone As a source of energy, therefore, in a 
mixed diet carbohjdrate and fat are interehanj,eablL m isodynamic 
amounts 

The relative proportions of fat and carbohydrate in the average diet 
are given in the Voit and Rubner* stand irds But the proportions var^ 
according to personal taste and the ability of the individual to digest fat 
Largo amounts of fat in a mixed diet are difficult to digest due as Pa\ 
lovlias shoum to the inhibiting inilueiice which fat exerts upon tho gastric 
secretion 

Tho conditions uhich affect tin carhobedrate-fat demand in bcaltli arc 
csscntialh the sime as those uhich modilv the total nqnircmcut of energj 
and have alreadj been considered under the Total Food Eequirement It 
may lio added houeier that the amount of fat consumed is generallj 
less in hot climates and m hot ucather The reason popularly assigned is 
that fat 18 ‘ heating ’ Rubiicr has «bown that *1 greater amount of fret 
heat IS libcrstcd during the metabolism of fat than during the metabolism 
of carbohjdratea Physicians generally advise patients who are taking 
fat meJicinallj for example cod liver oil to discontinue it in hot weather 
Ivegroes form an exception to the rule that peoples living m farm cli 
mates eat little fat Thev enjov and consume fat in relativclj largo 
quantities 

Too little 18 known concerning the fat requirement m various diseases 
to justifj specific recommendations The fat in the food is increased 
when it is desired to have a patient put on flesh Fat appears to pos c »8 
along with carbohydates the power of diminishing the febrile destruction 
of protein 

The Injurious Effects of an Excess of F«f* — The tolerance for fat, 
both as regards quantitj’ and Lind vanes m health Alanv persons 
cannot tike much fat or certain fats without cxpencncing a feeling of 
disgust which mav amount to natisc i lu addition fat is capable of pro- 
ducing certain well-defined local disturbances of the alimentary tract, 
T He n p (I 

Th plira* \c«s of f*t mult be uad rstood lo r l»te to the toleronet of the 
1 di dual rati er th n to the total amoant of fat eon umej 
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sons eat more meat than othor«, onil claim that tlicir cfiicioncj is impaired 
if their usual 8uppl\ is (liminishcd Old people, as a rule, tahe lc<i 
protein than tho«e in actne mi<hllc life 

ThoUj,li prottin i* not coiieemcil clirtvth in the proiluctiou of energy 
for jmiocular work proMded the fat-«irhoh\drate supply is suSleicnf, a 
j,rcator amount of prottin is nllowrtl !»% Imlh the ^ oit and Atwater stand 
ards for occtiXiTtions cntiti}iap phisieil exertion ^o cntirch ettiffactory 
cxjihnation of the iiitrta®ed demand has l»rcn ofTcrotl Voit a«Miined that 
muscles enpaped in active work mu«t hate a fret supplt of protein quicklr 
iktnilablc ‘Mapniislett thinks that the iiicrca'cd consumption of pro* 
ttm is not the result of piirpo tfiil selection, hut is incidental to the in 
trea«e in the total food 

The intimation to diminish the amount of protein m hot weather and 
hot eliniitos is ptnernl and finds its explanation in the high tpecife dy 
jiamic adton of protein that i< the Inph proportion of potential energy 
which IS hhcnttxl as free heat and whieli does not take part in the Tital 
actiTitics of the tolls 

Our kiiuwl(de,v of file protein requirement in pathological states is 
vcr% uicompjito largo amounts of protein arc often taken in diahctes 
mcllitus ami cxophtlnlmit poitcr Tlic belief is current tint an excess of 
profoin 18 ruiuired *luriiig conralcsctncc from the acute mfcctiTo di ea'os 
Ijccauso of tlio fehrilt <U«truction of proUm whicli occurs, but there is 
reason to question wliethcr an excess is rr()uircd, if, during the coiip'O 
of these diseases, adequate supplies of carliolndratc and fat arc furnished 

Injurious h Seda of on f rtets of Protein — Tlie body does not po e-J, 
to nn\ marked degree, the power of storinp mlropcnous sub tanees The 
carbouacoous iiioiett of tbo prottin inolmile is split off and the excess of 
nitrogen is qiiickU eliminated cliicfla ns urtn It has Ifoen stited that 
the increased work tlnis demanded of the kidmts would damage them but 
proof of the statement is larking An cxct«s of proleiii in the diet fro- 
qiienth causes disturhanccs of digestion, which mny or nna not be 
referred subjcctneh to the alimentary tract It appears probable that 
products of prottin putrefaction maa be absorbcil and irritate the kidneys 
in their elimination, producing albuminuria, and ptrhnps ultmiutely eaus 
mg nephritis ‘^ome htndacbes appear to be caused by disorders of pro- 
tein digestion or metalxilism or both — at least, ptrsisftnt lieidachcs which 
arc not due to any* other discoTcrable cause soinctinics disappear when 
the protein ration is reduced to a minimum and the form of the pro- 
tein is changed, for example, from meat to milk Professor Chitfciiden 
found that his rheumatism grew better under the influence of a low pro- 
tein diet Some forms of eczema disappear when meat is eliminated from 
the diet, and the total protein of the food is reduced (Tohiiston) It has 
not yet been proved whether an excess of protein is capable of causing 
arterial sclerosis 



FOOD RATIOS 


The generally accepted ratios of protein, carbohTdrate, and fat for per 
sons at light, moderately hard, and hard -worL arc contained m the fol 
lowing table 

ST^^DUII> R\T10VS 



1 A » 

R b 

At» 

Light l\ork 




Protein grams 


irj 

100 

Pat grams 


40 

* 

Carbohydrate grama 


3i7 

* 

Calories 


2 44., 

2 700 

Moderately Hard V ork 




Protein grama 

118 

127 

12a 

I at grama 

SC 

2 

* 

CarhohyJrati grams 

00 

09 

• 

Calories 

3 05v 

2 9r8 

3 400 

Hard Work 




Irotein grama 

14 

ICS 

laO 

I at grams 

100 

70 

* 

Carbohydrate grams 

on 

56a 

* 

Calories 

35i4 

8 30® 

4150 


nt nd rb hjd t mu t b pill d I uOl I t quontUI * to m ke up tbs b etiuij 
fgr 


It must be pointed out that tin so hgwres represent avengts obtained 
by calculations from e timations of too<l actually eaten bj a group of 
mdiMduals Such figures will of ceursc allow for certain indirulual 
fluctuations on eitlior side of the ueraA figure« whith houerep, as a 
general nicasuremij be accepted with considerable confidcnco 

Method of Reckoning the Frolein Fat and Carbohydrate Ratios for 
Diets of Definite Energy Values — In Voits standard diet for a man at 
moderately hard work, approaimatelv 1C per cent of the energy is 
furnished by protein 18 per lenl In fat and CO per cent by carbohyilrate 
^ ith the total energy a ahie of tlie diet as 3 000 calorie« the calcul ition is 
made as follows 

4C10 

10 per cent of 3 OOO = - ^ ^ -= 115 grams protein 

18 percent of 3 000“-^^“ STcramsfat 

60 per cent of 3 000 — — = 483 grams carbohydrate. 

Ry tlio employment of tins method, the ratios may lio determined for 
diets cd any given energy value 
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mLicIi nin^ lx, confined to tlio stomacli or to (lie intt'^tiiios The com 
nioiicr di'>or(ltrs nro lo's of rtp|»etite, nnH«ei after tahinfj food, and ^omit 
infj llio 0 ifTc'cts nro prohibh dm to the inlijl>ifor\ action of fat upon 
tho gastric socrttion nr to tht d« lft\ ulitcli it cnii«c5 in the pa<i«agc of the 
clijine into the dundemnn Ih gurgitation of tin duodenal contents info 
tho stomach ‘omctimci occur** and ix iisunll^ followed hv vomiting An 
cvcccs of fat oft( n < iii«e<» diarrhoi 

Besides tlif't lo( d nttion**, an rvet sof fat is lx.lic\td h> man} author 
itics to cause di onhrs of in(tahoIi«in I’t r«on8 otliirwiec in perfect 
licilth eoimtiiius d(\iIop acm when tho food contain^ much fat, but 
wlicllior tins r< nlta from a disliirhuict of nutnliolism, or of digestion, is 
not known 

It has !>eeii iss(rfc»l that an excess «f fat is of itself capible of caus 
iiij, acidosis, hut 8ut.li a gemral a «crtion mu t lx ntcepfed with rc»crie 
Dcprnatioii of cnrlmliMlritc is followed h\ acidosis m di«ei c as well as 
in health liecnii t of the lucre -isod demand for cm igj which fulls upon 
fat, and its coii><xju(iit inonnplctc coinlm«tio}i Acidosis of tins charicter 
has Ikcii olxscncd to ilisippeir s]>oiitiuieotish, and always disippeirs in 
lirvltln ]Kr ons upon flu addition of cjrlxihsdrute to the diet, ns siifiiLicut 
t irliolndrntt prevents the fonnntion <»f ketone Uidies The influence 
of starvation uixiii tin d< vi lopnie nt of acidi>sis lias snmotnnes Ixcn 
overlooked and tho condiiioii Inis Ixtn attrihiiteil e rronootislv to the fat 
of the food or to the e tTe< t of the disc a c if<« If 3* or example, doubt h is 
lx:'*n cist iiiKin tlio cau«itivc rclnlion of fat to the “evclic voiinfine, of 
children ^tagiiu»-Icvv has pointed out that tlio ciiisc of acidosis in 
ilinlictcs nullitns is not the fat of the but the prexxisfing di order 
of mctnlwlisni 1 at in amounts up to S'iO grams a daj does not ciu«c 
acidosis 111 tvplioid fever 

Czeno and ^teinitz Klicve that the m ijorit} of ca«es of acidosis 
in children an? duo to an excess of fat In experiments inndo ujxin 
children h^ Czcriiv and Keller, fnt was the onlv foodstuff which m 
crci ed the ammonia txeretnm in the urine Stciiiitz has adv inceil the 
theory that tho development of ncidosis with fnt tv aeul stools in the ga«tro* 
intcstiual disorders of children cspccnllv the chronic forms, is duo to the 
loss of fixed nlkilis through the intestines either ill their own form or m 
combination with fnttv neiels that is, siieh os snips Bihrdt considers that 
the ineren e of alkali in the stools is elut to the stmuilating influence 
of fat iiixHi tlie puicreis md the intestinal secretions, that there is not 
e,nough fattv and present to iccoiint for oil of the hiscs According to 
Freund there Tie hut ftvv fcnshlt arguments and no absolutely certain 
mt.t'ibolic-cbcmital facts to support tho tltnical impression of a causative 
lehtion betwetn fat and acidosis let for the present it seems advisablo 
to bo guided by clinical experience, and to withhold fat, or give it with 
eiution in the gastro intestinal disorders of children 



C03ltPOSmO^’■ OF FOOD‘S 


Fi li PreBCrred and 
Canned 

Cod salt boiiele 9 
averofte 

"7 3 

03 

Ifa kerel *alt boneless 
average 

17 3 

‘H’ 4 

''ardiuM 

23 0 

197 

Caviare 

300 

197 

Shellfish etc Frc li 

8(V- 90 

10 — 1 : 

Lohsters 

1 0—" 0 

! io-«»' 

Oy lers 

4 0-100 

00 — 71 

Scallop average 

14 8 

1 

Crabs 

ICO 

so 

Heats Cooked 

Poef roast 

1^0-®90 

"OO— «' 

Peef round steak 
roa ted 

19 0-^4 0 

1 30—17' 


140 

714 

100 

100 0 

10s 

95 2 

91 

109 0 


133 0 

185 

1 80 0 

140 

714 

210 

4" 7 
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Composition or Iood? 


Slighlly modified from Aiualer and Jtri/ani U S Dept AgneuUure 
Dull 23 (recutd edition) 


Food V (• Uli 

. . 

P c* t 
PrMtia 
|V « S) 

P* C«ot 
lat 

P r Crnt 

C b 
brd itN 

r 1 

r’’*'^d 
C I 1 • 

purl 

PW 100 

C.l“l« 

100 

C lo j 
P r 

G*nil 

Animal Food 

Beef Fr«h 







Lotn kon F J* * 

13 0—04 <1 

11 0—15 ( 


000 

199 

525 

Loin medium fnt 

11 fr- 22 ( 

ICO— 24 0 


1 190 

2C2 

38 2 

Loin fat 

10 0—10 0 

0— ®0 0 


1400 

KQ] 

mtm 

Lorn aTCTBRe 

10 0 

101 


1 loo 

2o4 

304 

Loin portcrliouvi steak 

21 9 



l^'TO 

270 

370 

Loin sirloin steak 

ISO 

18^ 


1 130 

2-0 

40 0 

I/nn tenderloin 

12 0—18 0 

47 0-30 0 


1110 

290 

345 


IflO— 2I( 

100—14 0 


81 O 

190 

-20 


1 «J 0—10 0 

JR 0—310 


14-0 

320 

312 

Ilils l&t 

12 0 — I'fl 

34 0-37 ( 


1780 

300 

250 


17 R 

24 0 


1370 

800 

334 


17 0—21 0 

100—180 


QCj 

210 

47 8 


1 « 0_19 0 

•Hio— 30 0 l 


1400 

310 

8 ’ 3 


150—230 

10-39 0 


1 R"*© 

400 

250 


187 

231 


1,3’- 

290 

84 5 


180—210 

30— 00 

10 — So 

COj 

13- 

740 


Z2 

9->8 


3 9-0 

870 

116 

Beef tongue 

170—220 

10—18 0 


740 

1C- 

COO 









<10 0— "1 0 

J 0 0 


- 0 

P- 

800 


I<? 0—210 

Kimm 


7-0 

16- 

COO 


100—210 

^ 0-70 


C15 

13- 

741 


180—200 

100 — no 


82- 

ISO 

— 6 


18 0—10 0 

JR 0—19 0 


1 14o 

250 

40 0 

Loin BTcraiic 

190 

TTm 


790 

175 

57 3 


20 0-2® 0 



C40 

140 

714 


le 0—200 

110-310 


1 ICO 

2r0 

3R4 

Veal kidney average 

169 

04 


0^5 

130 

77 0 

Veal liver average 

10 0 



010 

12- 

800 









15 0—180 

15 0—270 


1 ’00 

290 

34 5 

Loin 

170—200 

25 0— 3o0 


1 40 

340 

29 4 



1® 0—13 0 






19 0— ®00 



195 

513 


17 0—100 

15 0— ®2 0 


110- 

-40 

417 


18 7 

17- 


1085 

240 

417 


14 0— 200 

®C 0—380 


1G95 

375 

on 


237 

18 5 


1 ®25 

270 

370 


10^ 


50 

440 

07 1010 

liver average 

231 



200 1 

50 0 


Fdlbl* Portion 
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Fish Preserved an] 
Caniw»] 

Cod salt boneless 
averaRc 

273 

03 

Mfickere] salt boneless 
averago 

17 3 

“6 4 

‘sardines 

*>30 ' 

197 

Caviare 

300 

19 7 

Shells h etc. Fresh 
Clsnw 

80—90 

JO— 1. 

tobstera I 

loo_OjO 

10—2 

Oysters I 

4 0—100 

00— 7 

'Icollops average I 

148 ! 

01 

Crabs ' 

ler 

“0 

Heats Cd Iced I 

P “of roost 1 

15 0—09 0 

O00_^l 

peel round steolc 
roasted 

19 0—34 0 

30 — 1" 
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CourOSITION OF loODS 


SUghtly modi^td from Aivaltr and lirytini V S Dept AgncuUure 
BuU \o SS (reiiuj edition) 


F dU*l 1 1i 

r*rC at 

Pnt 

(S »e S) 

pfrO Dl 

r«rC t 

C b 
►rdr !«• 

V t 
t lu* 
p»r 

P d 
in 

C 1 

1 

prr 100 
Orani 

C * 

c'lV 

p 

la 

0 ml 

Animal Food 

Beef Frc«li 







Loin lean FJP* 

13 0— ‘*1 1 

110— !•»( 


900 

199 

*.'=‘5 


110-2iC 

16 0-210 


1190 

202 

33 s 

Lorn fat 

1C {►—IOC 

2 0— 30( 


1490 

329 

304 

Loin arcro(;c 

190 

191 


1 

2,4 

39 4 

Loin porterhouse steak 

21 0 

204 


1 270 

270 

3.0 

I<oin sirlom atenk 

ISO 

IS 5 


1 130 

250 

400 

liOin tenderloin 

12 A— ISO 

17 0-^0 ( 


1330 

290 

34 5 

Bibs lean 

ll> 0—21 C 

100— 14 ( 


8i0 

190 

5’ 8 

Rtbs medium fat 

IQ 0— lOfl 

ISO— 33 ( 


14^0 

3->0 

S12 


12 0—1* 0 

34 0-37 0 


1780 

390 

25 6 

Bib OTcrage 

IT** 

24 6 


13 0 

300 

334 

Bump lean 

17 0—03 0 

100—180 


or^ 

210 

4-6 


1C {►-IOC 

200—30 0 


1400 

310 

32 3 


luO— 23C 

n 0—30 0 


1 soO 

400 

050 

Bump oTOrape 

is: 

231 


1 325 

290 

34 5 


ISO— 23 C 

30— 60 


m 

135 

74 0 


22 

926 


is I/JO 

8 0 

lU 

Beef tongue 

170-2^0 

10—19 0 


740 

1C,> 

COS 









«0 0—23 0 

!(►— CO 


« 0 

12u 

800 

Leg medium fat 

ISO— 210 

70—1^ 


Tw** 

1C5 

CO 6 

Loin lean 

19 0—21 0 

60— 70 


CI^ 

13,/ 

"41 

Loin medium fat 

18 0— ®00 

10 (►—13 0 


82j 

ISO 

55 6 


18 0—19 0 

18 (►—19 0 


1 14j 

2j0 

40 0 

Loin arerage 

19 9 

100 


-90 

175 

57,2 


■*00— 2’ 0 

30— 90 


640 

140 

714 


1C 0— ‘H)0 

11 0—3! 0 


1 ICO 

2C0 

38 4 

Veal kidney arerage 

16 9 

64 


-S5 

130 

770 

Veal liTcr arerage 

19 0 



575 

125 

80 0 









15 (►—18 0 

15 0—27 0 


1300 

290 

34 5 

Lom 

no— 200 

«5 0-350 


lo40 

340 

29 4 



120—13 0 






190-^00 


890 

195 

513 


17 0—10 0 

1^0—22 0 


1 10,/ 

240 

417 


1ST 

175 


1 0S5 

240 

417 


14 0—200 

26 0—38 0 


1 695 

375 

26 7 


23 T 



1 

270 

370 


165 


50 


97 

■03 0 

Lirer arerage 

231 



200 

50 0 


Edlbl» Portion 
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T i Ubt 1 

A 

P t 

(N 685) 

P* C t 

F t 

p c t 

C b 
hyd te€ 

^ 1 1 
d 

V 

G in 






C I ri 1 

C 1 n 

0 m 

Animal Food — Cont 







Hairy Products — Uont 








33 

40 

1 ^0 

30^ 

72 

138 9 


10 

03 

' 50 

125 

28 

o57 0 


2 01 

3 74 

6 3i 

310 

68 

1471 

Goat 8 milk* 

3 «C 

407 

4 64 

315 

P9 

144 0 

Cream * 

Cream very rich ctn 

25 

18^ 

45 

93^ 

2or 

48 6 

tnfugal + 

Gremlin ordinary cen 

2w 

400 

30 

1780 

393 

25 4 

tnfugal + 

Cream ordinary gra\ 

30 

300 

39 

92c 

•’04 . 

401 


vO— 3’ 

;ieO_»OC 

39— 40 


196 


Sfilk ordinary whole t 
Top from one quart of 

35 

40 

45 

3’0 

70 

143 0 

whole milk + 

Top 10 oa or upper 
one half 

Top 11 08 or upper 

34 

70 

4j 

440 

93 

100 3 

one third 

33 

10 0 

43 

5t0 



Top 8 or or upper 
one fourth 

Top 6 oz or upper 


13 0 

42 

6<0 

143 

67 6 

one £fth 

32 

160 

40 


178 ! 

56 S 

Whev from whole 
milk* 

Whey from fat free 

094 

oer 

55 

11c 

2c 

400 0 


11" 

004 

^4 

I’O 


3.05 

"Matzoon or Zoolak t 

35 

3^ 

37 

280 

62 

1612 

Gelatin 

ag 0_«)j 0 



1 40c 

3«0 

"es 

Calfs foot jelly 

43 


17 4 

40 

00 

111 1 

Lard refineil 


1000 


4'>50 

9 0 

10 7 

Lard unrehned 

20—30 

9 0— O^'O 


4010 

800 

112 

Oleomarganiie 

12 

83 0 



7^0 

: 12 8 

Heef \uice 

Wfgetatle Food 

49 

or 


lie 


4001 

Barley meal and flour 

90—130 

15— S’* 

400—74 0 

1 no 

360 

2. 8 

Barley pearleil 

7 0—100 

07— 13 

70—78 0 

1 r,o 

360 

278 

Barley wafer t 

009 

00^ 

16 

36 

8 


Buckwheat flour 
Buckwheat prepara 

4 0—100 

0^ 23 

710—810 

1 620 

360 

27 8 

tion farina anc 

groat average 

10 9 

04 

84 0 

16ro 

370 

271 

Com meal unbolted 

80—90 

4«~ 5* 

0— ,^0 

1"30 . 

380 

26 3 

Com flour 

GO— 80 

HiB 

44 0—80 0 

:G4c 

860 

27 8 
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Animal lood — Cont 
llcat< Cooked — Cont 
Loin steak tenderloin 
broiled 20 0—27 0112 0— 3fi 0 

Com beef canned 2I 0 — 3^0112 0 — 310 

Tonpie canned 110—230 

I nmb Cooked 

Chops broiletl 19 0 — 2 j0 

Lcfr roost ”* 19 7 

Mutton Cooked 

Leg roast 23 0—23 0 

Pork Cooked 

Ilnm roast 180 — 26 0 

Ilam smoke*] boiled 18(^-229 
Ilam smoketl fri«I 222 
Ham luncheon cooked 22^ 

Poultry Cooked 
Capon 27 0 

Obieken fricasseed I'C 
Turkey roast 278 

Fish Cooked 

Pluefish cooked 2^ 9 

Spanish mackerel 
broiled 237 


Dairy Products 
Eggs hens ra 


Fggs hen s boiled 
Iggs hens average 
Eggs boiled whites 
Eggs boiled yolks 
Butter 

Milk bultenmlk 
Cheese American 
Cheese Cheddar 
Cheese Cottage 
Cheese Dutch 
Cheese full cream 
Chtese Swiss 
Koumiss ; 

Milk sweetened con 
densed 

Milk unsweetened con 
densed (evaporated 
milk) 

Milk skimmed 


FP 116— 16 0 86— lul 



I 13 3 112 

110 — 1-1 fi 00—0 
3— 16« 


160—20 0 0 4— 10 3 7— 4 9 ^10 

30 0-^^0 160—19 0 143^ 

18 0—37 0 »4 0— lo 0 12—40 1 9^0 
26 0— “9 0 33 0—37 0 09— 17 2010 
2 0— 30 17— 24 u 1— ^ 9 240 

6 0—10 0 0 4—10 6 44 0— 0 1 ^*>0 


80—100 80— lOOllOO— 12 Ol 
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101 




100 


IsUTIlITIOIf AND DII T^TICS 
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103 








102 


NUTKITION AND DIETETICS 


Fooil Ualeritli 

1 »r C nt 
r 1 n 

<S X a 5 

i rC< t 
Stl 

r Cent 
t rb 
bjrdrsiM 

S'orl 
a»i B 

p»f 

round 

Clio i 

Fufl 
Ilia 
prr 100 

O imi 

C rie 

100 

C lorj 

I or 

iB 

anmi 

^ egetables — Cont, 
lA!ttUCO I 1 

0 7—18 

01— OC 

10—40 

00 

20 

uOOO 

irushrooms 

1 7— G( 

02— 0i 

24—20: 

210 

4C 

21S0 

Onions fro«li !• I 

02—4-1 

01—01 

4 2—1^^ 

e> i 

oO 

■>00 0 

Onion cookctl 
parcel 

1^ 

IS 

49 

190 

42 

2 80 

Parsnip'S 

14—19 

0«— 0 8 

SO— 17( 

300 

CO 

m.; 

Peas drietl 

>04— 2H( 

08— 1 ‘ 

^0—07. 

1 C-*i> 

3iu 

2j u 

Peni Rrtxn I I 

4 4—80 

0 1— 0( 

1^4—18 0 

4G> 

IOj 

9j4 

1 cni preon cookotJ 

07 

34 

140 

^40 

I’O 

8} 3 

1 otatcK' raw qr frtsli 

1 r 

I 1— 30 

00— O'* 

13^274 

3Sa 

s., 

1178 

Potator cookod bmloc 

18—31 

00— 0^ 

in— 20^ 

440 

9" 

1031 

PotatCHX oookotl cliiji. 

00—70 

5t> u 14 ^ 

12”— ^OC 

2 fTa 

*.90 

1C9 

Potatoes cooked 

inn«hc<l and creamed 

20— 30 

10—4^ 

13 9—22 4 

50u 

no 

909 

Potatoes sweet raw or 
fivsh L P 

0+— 37 

0«— 14 

171—491 

..70 

12j 

800 

Potatoes cooked and 
prepared iwMl 

30 

21 

421 

0’.. 

200 

*.00 

Sweet cas am * 

1 1 

02 

30J> 

CIO 

13.; 

741 

Cu Sara stareh* 

0^ 

01 

8SS 

KJj 

SCO 

278 

Cas arn brea<l * 

91 

03 

79 0 

1 CjO 

30u 

274 

CaaaasA cakes orl 
wafers * 

1 1 

02 

8^5 

10.0 

870 

270 

Taro * 

18 

02 

S3 2 

47 

10.; 

9j3 

Tams* 

18 

02 

23 5 

4 .. 

105 

9^3 

lautia tuliera* 

22 

02 

2b 1 

635 

lOQ 

Si 3 

Radislie*! F P 

0^ 30 

00—03 

34— S3 

135 

30 

$34 0 

Spinach fresh 

16— 24 

02— 0 

31—34 

110 

24 

4170 

Spinach cooked 

21 

41 

20 

2b0 

./7 

175 4 

Squash E P 

00— 31 

01— 1 4 

3^10^ 

21o 

4. 

2100 

Tomntoea fresh 

05— 1 J 

02— 14 

2 2— 

10^ 

23 

435 0 

Turnips 

07— 39 

01—04 

2 8_2JS 

18.i 

41 

>44 0 

Vegetnblis Canned 
Asparapus 

09— S4 

00— 02 

2 2—41 

65 

19 

,‘>6 0 

Beans baked 

^1—81 

03— OS 

3 1—23 2 

600 


74 0 

Beans string 

00— 40 

00— 0 

2 0—13 6 

9.. 

21 

77 0 

Beans lima 

3 2— -0 

02— OC 

0 ^17 9 

SCO 

79 

'»u7 


20— 37 

Ot— 1 9 

9 8—2 8 

4u5 

100 

00 0 


10—01 

00— 08 

4 9—17 4 

0 . 

60 

78 5 


29—44 

07— 17 

4 9—22 4 

455 

100 

000 


05— 1- 

01—03 

14—81 

101 

23 

35 0 

Catsup tomato 

11— 20 

01— 04 

8^101 

26o 

58 

72 3 

Olives green E P 

1 1 

276 

116 

1400 

310 

32 3 

Pickles cucumber 

04— 0* 

01— 05 

13—64 

70 

15 

66 6 
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PERCENT^rE Cosiposmov tip Trie and SoCilled Gitxzv Flocb 


From Wxley Fooh and Thrtr AdulUratton Philadelphia 1911 



p c t 

F ot n 

P C t 

T t 

p c t 

C b hyd t« 

Gum glutm (Hoyt s) 

31 <10 

155 

541., 

Kducator standard gluten Hour 

2640 

1C7 

«9 33 

Gluten flour 40 per cent 

4025 

118 

47 43 

4i 10 

110 

47 90 

Self raising gluten flour 40 per cent 

38 70 

130 

5010 

Pure gluten flour 

78 80 

090 

12 60 

20 per cent gluten flour 

2100 

0 70 

68 20 

Pure gluten flour gluto ao 

35*0 

0 60 

.... 00 

Gluten food 

8540 

0^6 

3 69 

Protosac 

36 fO 

0 86 

51 03 

Washed gluten flour 

6“ 40 

0 91 

"9 51 

Glutoaae 

34 0b 

15T 

52 13 

Diabetic biscuit flour 

75 “a 

8 96 

5 89 

Plasraon meal 

•8C 

2 72 

0 

Aleuronat 

8610 

Ovl 

400 


73 65 

0'»4 

14 65 

Pnborat 

82 20 

3 67 

300 

Wheat protein 

6410 

2 40 

4 80 

Energin from rice 

83 70 

4 54 

0 67 

A egetable gluten 

fl3" 

1 ^5 

28 "S 

Oasoid flour 

85 

0 50 

0 

Ssmtaa nut meal 

29 00 

51 66 

l‘>13 

Soy boon meal 

39 87 

19 06 

25 00 

\lmond meal 

50 ro 

15 C3 

15 00 

Olutep flour 

1137 

OhO 

74 33 

Gluten flour 

1 50 

2 CO 

70 80 

Diabetic flour 

12 00 

0 4r 

76 45 

Tireh diabetic flour 

14 0 

2 21 

71 95 

Special dialictic flour 

11 *» 

2 96 

67 47 

Gluten flour 

13 30 

1 0 

7® 11 

Cluten flour 

1G40 

31. 

*060 


tho muscle filers. AMiile heat coijnilttc tin nlbiinutis of meat and it is 
tlioufiht renders tlmn slijjIifH le s digestiWe tins effect is proliablv more 
than offset the nbovc-mcntiontil adranttijes, mile s the meat be cooked 
too long 

^ egttsbiea con«i«t for the ino«t part of tarcU •nliich is inclosed within 
cellulose walls Collnlo e is pmctuallv nndisnstcd l\ man, and much of 
the starch of raw vt^iiretBbles c capes from the liodv in tin. feces Afore- 
over, raw starch itself is difficult of digestion During the process of cook 
mg the starch grains swell, burst the cell walls and become softer In 
ndilitioii starch is comtrtcd pirtU to diTtnti this occurs loth in moist 
and dry heat 
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yuTniTioir A'nd diftftics 


Food Uiterlsls 

r Ce t 
(\ iTe 5) 

Pare t 

fst 

hrdrate* 

Fa el 

Vel • 

per 

r® d 

CeInrI 

Fb I 

Vel • 

per 100 

G tmi 

1 

Cilorift 

100 

C 1 1 
p« 

in 

C mt 

Itiscellaneous — Cent. 







Bean soup 

32 

14 

94 

29^ 

Cu 

1540 

Chicken soup 

10 u 

OS 

24 

27»/ 

61 

1640 

Clam cbowder 

0 7— 2 « 

05—11 

2 5— nc 

19u 

43 

>36 0 

Jleat stew 

37— 5C 

20—64 

43—70 

370 

82 

102 0 

Soups Canned 







Asparagus cream of 

2^ 

3.2 

5A 

285 

C3 

1590 


17—26 

00— 02 

01— 03 

^0 

11 

nOOO 

Celery cream of 

21 

28 

^0 

2u0 

£u> 

Ig’O 

Chicken gumbo 

3^—46 

02— 17 

3S— 

lOj 

43 

•>IG0 

Chicken soup 

3 2—39 

00— 0" 

12—17 

lOO 

2’ 

4^j0 

Ifock tiutlc 

4.,— 59 

01— 13 

16—39 

18j 

41 

>440 

Oxtail 

39—4 1 

05— 21 

4 2—43 

210 

46 

>i«o 

Pea soup 

15— -A 

00 — 1 r 

51—11 1 

235 


192 5 

Tomato soup 

17—19 

09— 1 2 

„.3— CO 

185 

41 

^44 0 


THE EFFECTS OP COOKINO UPON FOOD’ 

The practice of cool.ing fowl win\pr«ol All existing races follow 
the cu«toni, at least as regards part of their food, and archeological re- 
searches indicate tliat the art of coohing extcnilcd far into prehutonc 
times Cooking phis an inii»ortntit part in the preparation of food for 
human consumption Subsfnnces which lu their natunl state are insipid 
and nenrh, or quite, indigestible lioconic lalnnhlo foods when subjected 
to the processes of cooking 

The objects sought in the cooking of meats and Mgetihles arc c««en 
tifllh similar Thej are as follows 

1 To develop ^la^or and inipro\e the appearance of tlio food 

Foods which are nttractnc in nppcirance, of pleasant aroma, and 

aa\or 5 taste stimulate the secretion of the ‘ appetite juicc. ’ and thus indi 
rcctlj become more digestible 

2 To increase its digestibility 

Cooking produces both physical and cbemicil changes in the food It 
18 more important m the case of vegetables than m tho ca«o of meats 
Both an rendered more digestible 

In the process of cooking the connective tissue of meat is softened 
and in part converted to gelatin In consequence, mastication is easier 
and more complete, thus insuring freer access of the digestive juices to 

•In the preparation of tbi* aertion the autlor haa derived much assistance from 
U S Dept of Agriculture Culls Nos 43 C7 and 102 and tarmers Bulls. Nos 34 
and 389 








THE EFIECTS OF COOIa^G UPON FOOD 


105 


pERCENTAfE COMPOSITIOV ftP TbIE AXD So CALLED GlLTES FlODR 


From TTiZe^ foods and Thfir id^dUrattoa Pkxladelphia 1911 



r Cent 

P t a 

p c t 

P e 

Per C t 

C b bfd le* 

Quni glutin (Hoyt a) 

31 AO 

1 55 

54 15 

Educator standard gluten flour 

^6 40 

167 

69 33 

Gluten flour 40 per cent 

402^ 

118 

in'* 


41 10 

110 

47 90 

Self raising gluten flour 40 per cent 

38 70 

1«0 

010 

Pure gluten flour 

78 bO 

0 90 

I'* 60 

20 per cent gluten flour 

2100 

0 70 

63 20 

Pure gluten flour glutosac 

3i>20 

0 60 

63 00 

Gluten food 

83 40 

O36 

3 69 

Protosac 

3b 60 

0 86 

5103 

^ ashed gluten flour 

62 40 

0 91 

29 51 

Glutosac 

34 Of 

J3T 

52 13 

Diabetic bi cuit flour 

75 23 

8 9b 

5 89 

PU men meal 

78 

370 

0 

Aleuronat 

86 10 

O3I 

4 00 


73 65 

0 24 

14 5 


8»20 

3 67 

300 

Wheat protein 

8410 

140 

4 60 

Inergin from iice 

83 <0 

4 54 

0 67 

^ egetable gluten 

6137 

1 55 

83^3 

Oasoid flour 

A5 5f 

0 50 

0 

Sanitas nut mesl 

29 00 

51 66 

!<» 10 

Soybean meal 

33 87 

1006 

25 09 

Mmond meal 

5012 

15 63 

I3OO 

Gluten flour 

1137 

0 90 

74 33 

Gluten flour 

I33O 

2 CO 

70 80 

Diabetic flour 

l^OO 

0 40 

76 45 

Jireh diabetic flour 

14 30 

2 21 

71 65 

Special dial tic flour 

14 2* 

2 96 

07 47 

Gluten flour 

13 30 

10 

211 

Gluten flour 

1040 

315 

70 60 


the miiaclo fil)or> Ink licit i it«« the lUminiiis of meat and, it is 
thonfrht renders tlicni sliphth It s digestible this effect is prol iblv more 
than offset bv the alwvc-mcntioiieil adsuntspes unless the meat be cooked 
too long 

\ egrtables consist for (he most part of tarch which is inclosed within 
eellnh«u walls Cillubse is prictioalh undige ted bv man and much of 
the starch of raw sogctnl ks e cipcs from the I xls in the feces ifore- 
over, raw starch ifsclf is difficult of digt tinn During the procc s of cook 
ing the farch grams swell burst the cell •noils onil become softer In 
aldition starch is eonicrtcd jwrlh to dertnn this occurs liotb in in*i t 
and dry heat 




lOG I,UTKIiIO^’■ A^D DIHETICS 

Lxccpt for the (le\olopmont of flavor, fats arc probably affected but 
little bj tie process of cooking unices tbcy are scorched 

3 To dc tro% parasites and bacteria 

^\bcn meat is taken onlv from licnUlia animals and is properly m 
spected, there is little danger from parasites or bacteria But the e pre- 
cautions are not always followed cspecinllv m tho ca«e of meats which are 
sold to the poor, therifort, meats of doubtful origin should always be 
thoroughh cooketl 

Vegetable food-*, likcwiM', ninj carry infection The typhoid bacillus, 
for example, max enter the loda upon green vegetables vhich have been 
washed or grown in polluted water 

Cooking Meats — llie xanoiis inclhods of cooking meats mav be 
grouped under two headm^s 

1 Alotliods which are initnded to present the loss of tho juices of 
tlic meat, such js roasting and broiling By these methods tho meat is 
heated rapidh, the surfato albumin congulatid, and the juices of tho meat 
retained 

2 iitthods which jicrmii the lo!>s of the juices, such as boiling and 
stewing Vitli the o iiHthwls the meat is heated slowly, and the juices 
escape to a grcatir or lo'ser extent 

Lo3i>e8 lu CociAin^ Ifcaf — Meat lo<es m weight whnteaer the method 
of cooking Ihis IS due to the drnmg off of wati r, and it follows that a 
given weight of cooked meat holds a hi,,»her |y retntage of nutriment than 
the same wtulit of raw moat \ecording to G^ndIe^, tho loss in weight 
amounts to one-tiftli to om-third, whetlur tho meat be boiled or roasted 
Tho loss in till solids of tin nuat is greatest whtii it is Imilod or stewed, 
and the longtr it is cooked the gmfer tho !o«« The lo's ma\ reach from 
3 to 20 per cent 

While meat which is Ixuieil gives up most of its flavor to tho water and 
becomes insipid it lo es xerx liHio of its nutriment It is tho rich taste 
of beef tea whuh guc n c to tho fallacy that it centaincd the nutritious 
clemcuts of the mtut m quantity 

Cooking Vegetables and Losses iBcurred — Los^cb occur in the cook 
ing of vegetables, which are comparable to, but perhaps not «o important 
as those which occur in tho cooking of meats hy methods which do not 
retain the juices The looses in the cooking of legitahlcs depend largely 
upon tho mctliod craploicd, and conceni chiefly the sugars and salts which 
are soluble m water, though nitrogen also is lost The loa«c3 to which 
potatoes, carrots, and cablnge, selected ns types, arc subject have been 
studied by Snyder His experiments sLowxxl the following results 

1 That in order to obtain tlio highest food value, potatoes should 
not be peeled before cooking 

2 When peeled, the least loss occurs if the potatoes are put directlv 
into boiling water, though the loss is still considerable 
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3 When pet-letl and soahcd m cold \iatcr before conking, the loss 
mav reach one-fourth of the protein matter 

Similar losses niij occur in the cooking of carrots and cabbage 
Breadmakmg-— Snjdcr and Voorhees ime tigatcd the ln« cs of flour 
in breadmaking Thev affect both the nitrogen and carbohydrate The 
lo’s m nitrogen maj reach 1 4o per cent The carbohydrate loss is caused 
by the fermentation nhich the bread undergoes in rising ’ (yeast cells) 
The authors state that the la sts m breadmaking neeil not exceed 2 per 
cent of the flour usol and may be redoced to 1 1 per cent 

Cereal Breakfast Foods — Tin importance of cereal bre ikf ist foods 
has been sbowni cspocialh b> the inyesti^tions of Woods and Snvder 
These authors found that eereils comprise 22 per cent of the total food of 
a largo numlior of fanulica in this «ountr> funiishing 31 per cent of the 
protein 7 per cent of the fat, and oo per cent of the total carbohydrates 
They hiao scparitcd the larp,o nnmbcr of cereal breakfast foods which 
are on the market into three groups 

1 Those prepared simply bv grinding the groin 

2 Those which hare been steamcal or otherwise partullv cooked, and 
then ground or rolled 

3 Those asluch have boon aeted upon by malt which induces chemical 
changes in the starch 

CooXinr; CtreaU — The propfr cooking of ctrtals is of more impor* 
tanco than tlio relative proportions <»f nutriment they contain While 
dtfimto statements cannot bo nnde rcg«rdin„ the leiii^th of timo which 
different etreals should b< lioilcd all of them require prolonged cooking 
Ihea are much more hkiK to U undtreookesl than o\ercioWed \\nli 
undercooked foods starch grams maa op|<ar m tho feces duo to the oo\er 
mgs of tho granules which are impirmciWo to the digi stive juices In 
general the more abundant and flic tougher the fiber the longer should the 
process of cooking bo continued For cvnmpic, whole gnins require more 
conking than crushtl griins Kilo contains but httlo fiber and may Ic 
thoroUj,hlv cookc*<l in a rclativch short time 

According to ^Noods and Snsdtr it is difficult to know in tho case 
of partialK cooked breakfast foods how much of tho necessary cookiA- 
has been doiw in fbo factors This point out that o%ereo iking is barnK 
less and sug^st that further cookin,, m the homo is usually dfsirahle \ 
rvamimtions of maltid bnikfist cereals carried out at the lown 
Fxpenment '^tntioa showed (hat tho large««t amount of soluble catl«o- 
hMlrntoprpaint was 13 per cent of the total carl ilndritcs th< li\\evt,0 1> 
pi r cent The aicnge w is around per cent \t tho ilielugnn Station 
it was found that tho largest proportion of the soluble carlwhydrifes in 
the 0 preparations const ts of dcvtnn ^^oo<Is and ''na Jer «tatc that ‘ the 
cl urns made for somo bran Is that the carbohydrate are completely or 
largely frcdigested arc quite unwarranted ’ 
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DIGESTIBILITY OF FOODS* 

General Considerations — Tlip t<nn “<lij,c«tilnlitr” may bo under 
stood to mean citlicr tlic case and ripldita with winch a food is digested, 
or the complcteiio s of it>< dtgislion Ihis distinction is not alwass made, 
however, and confusion has often arisen in tlie interpretation of tlie 
results obtained b^ iliffercnt ob oners likewise, when the opinions of 
physicians and ph) «iologisis are not m agreement, the fact is often over 
looked that tlio iMiulitions under wliicli the obirvntions are made are 
different Phjsicinns deal with tho«e who are ill, physiologists yvith 
those yvho are well The term “digeslibiJit^ ” is prohahli izndcrsfood b' 
most physicians to mean ea e of digestion, b\ ino«t physiologists com 
plctcucss of digestion If these different points of vieyv are borne la 
mind, diseonlant opinions may frequently be reconciled 

loods Icayo the stomach m the order in winch they are digested and 
liquefied Tlie length of tune they remain in the stomach has been 
taken br some authors as tho imasure of their digcstibilitv ^M^lo the 
length of Its sojourn iii the stomach may not affect the thoronglmc«8 with 
yyhich n food is ultimately digested, it may have an important influence 
njion sub eciiicnt feedings especially if the«e be giwn at short interrals 
1 )o1bt in gastric digestion often jirmluces in heylthy per ons unusual or 
uncomfortable sensations reftrabh to the stomach In persons yvho are 
ill, delay of gastric digestion may not oidv interfere yyith the frequency 
of the feedings but may cause lo«s of appetite, nausea, and even tho 
rejection of food 

The mitritiyo yalucs of foods cannot nhyays ho measured hy the 
amounts of the different foodstuffs they contain lhe\ depend rather 
upon the extent to yyhich tl««e foodstuffs may be digested and absorbed 
While it is generallv bohiied that the greater part of most foods is 
digested and ah orbed by healthy men, our knowledge of tho extent to 
yyhich they arc utilized by persons who are ill is far from complete 
A mimhcr of factors affect the digestion and utilization of foods 
Some of the more important of them may be considered 

The favorihle influence of apptlile upon digestion has been knoyvn 
so long that it is best expres cd in the fonn of tho adage, ‘Hunger is 
tho best sauce ” It was only about twenty years ago, hoyyc\er, that Pavloy 
established the populir belief upon a scientific basis through his dis- 
covery that the desire for food induces a reflex stimulation of gastric 
jmee Payloy calls this secretion the “appetite ’ or “igniting juice ” Its 
function 13 to initiate the digestive process, yyhich then proceeds more 
or less automatically through the stimulating oction of the products of 

In the preparation of this eection the autlusr has derived much information from 
U S Dept of Agriculture Bull 85 and Fanners Bulls >.os. 8o 1 1 18’ 
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digestion upon the gastnc glands Food eaten without appetite mav lie 
in the stomach unclianged for hours Phvsicnns have made use of this 
knowledge for many jears, and have striven to arouse an appetite in 
patients when it was lackin^, Another and related, adage, “Laugh and 
grow fat,’ finds application here Meals eaten amid cheerful surround 
mgs and in pleasant compain ar© taken with greater zest and enjojment, 
and are more ei«ily digested 

The ease and completeness of digestion also depend in general upon 
the amount of food which is eaten at a time the greater the quantity 
the less rapidly and prohablj less thorouglilj, is it digested Oicreating 
IS a common cause of digestive disorders The custom of taking three 
meals a day is based upon the gincril expenence of mankind that the 
amount of food required can be handled with kss tax upon the digcstiye 
organs yyhen distributed in this manner 

Careful regulation of the quantity of food allowed at one time is of 
cycn more iinportanco yvhen per ons art ill or have weak digestions 
The common prictico of giving small quantities of food at frequent inter 
yah to persons yyith enfeebled poyvers of digestion is supported bj the 
experiments of Pavby yyho found that if foo<l was given to a dog in 
small quantities at intcnaU the gastric jiuce yyas stronger than if the 
whole ration had been given at once Moreover the appetite of an 
invalid is often impaired b' even the sight if large portions’ of food 

Experiments upon licilthy men have repcotcdlv shown tint a well 
biiinncod dietary is digested more thorouglih than a single food The 
significance of such oh eryalioiis with respect to the arrangement of 
dietaries for invalids, is appircnt 

The secretion of gastric juice is intimately related to the quantity of 
water in the body (Pavloy) 'SSattr is drawn from the blood bj the 
cells of the gastnc glands as they elaborate the secretion If the supply 
of water is not sufficient the dige tivc juices are deficient in quantity 
and digestion is impaired IhcrcfoTe water should l>c supplied to the 
bodj by encmata or otherwise as an aid to digestion in di«ea«es attended 
by Its loss m large quantities, sneb as excc sue vomiting, profuse diar 
rhea, and licniorrhagc I very foo<! detenmiics a certim amount of 
digestive work and when a given dKtarv is long<ontmued, definite and 
tixctl tvpes of gland activity are i>et up uhicb can l>o altered but slowlv 
and with difficulty In consequence digestive di turbmees are often 
in titutcd if a change be mode uddeuh from one diotsry ugimc to 
aiiotber especially from a spara to a nrh diet (Pavlov) It should lx, 
added tint patients cannot all b» f«d alike, ewn when suffiring from 
the same dntasc I rejiidices and idiosvnernsies to foods arc not re- 
moved Iv illne s and inii t Iw recognized Variety in food is sought in 
health and should be permitted in disease to the extent which is com 
patible with the patient s well being 
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Digestibility of Meats — ^Numerous conccniing (Lc di 

gc«tlblllt^ of hn\c Ix^n mndc upon lionltln men \nliiable data 

Inic nls) been obtained b^ ra\lo\ and Iits coworkers from tbeir cxpcri 
meiits upon dogs Hut we po w \crj little information respecting the 
digestibilit\ of meats in inrinus diseases The conclusions drawn from 
cxpcninents upon liialtba men refer partictilnrlv to the tliorougliness of 
digestion Tlie^ sboulci not be nppticil without caution to persons who 
aro ill, and who, on that ncconnt, inaj digest meat slowly and with 
dlfilcnU^ 

Probablj the most important conditions affecting both the rate and 
completeness of digestion of int it arc the amount of connective tissue and 
fat it contains, and the mcthwl und duration of the cooking 

The “appetite * juko pliss a less important rule in the digestion of 
meat than m tlic di„(«tnm of eggs niul bread Tins is due to the presence 
of cxtractnos in mo it, which are direct excitants of the gastric glands 
Vccordmg to I’ailoi, the cirction of “meat juice’' is flic most rapid of 
nil Iliw mint introdiiccil nnnotii-cd into the stomach of fl dog excites 
secretion within from 15 to 10 minutes Hut if meat lc freed from extrac- 
tnos ha prolonged boiling and the water lc forced from it Iw compres 
Sion It has no stunulatmg effect upon the gnstnc glands 

The influoneo of the coimcctnc ti «ne upon the digestion of miat is 
mninlj mcchamcal, tliongii the mastication of tough, fibrous meat is not 
ntteniUd with pleasure The prs met of mucli connective li sue prevents 
free nece«s of the dige«ti\c jinets to the muscle filer, and affects both 
the rapidift and coinpUfmess of digestion The practice of pounding 
meat across the cut ends has for its object ibc oparntioii of the muscle 
fibers from the coiinootnc ti«siic Iiktwisp the prolonged cooking of 
meat coinorts the connottnc tissue into giJntin, and frees tho muscle 
fibers, though thej art probibh rendered sliglith Itss digestible bj the 
process 

Influence of lalConlenl Dtgeslton of Meal — Sfeats aara in the 
amount of fat thca contain Pried meat mna not have more than 3 per 
cent of fat, athilc pork, inaa contain os much ns 50 per cent The pres- 
ence of fat inhibits the secretion of gnstnc juice, and prolongs tho stay 
of both protein and carbohadrato in the stomach Therefore, the rapiditj 
of tho digestion of meat bears a direct relation to the amount of fat it 
contains Fat meats such as pork, arc aecll known to be difficult of 
digestion 

Wliilo but littlo attention has been dcaoted to the percentages of the 
different meats ailiich arc absorbed, it is probable that meat of all kinds, 
whether raav or cooked, is vera completely absorbed by healtbv men — 
near!} all of the protein and about 95 percent of the fat 

Our knowledge of the digestibditv of moat in disease is confined 
largely to tho results of clinical observation cnrofullv made ob- 



DIGESTIBlTITr OF FOODS 111 

sorvationa of this kind ha^c a definite ^alue, it is desirable that they should 
bo confirmed by experiment Yet, one of the conspicuous features of Pav 
lev’s work is the frequency with which he has confirmed both popular 
and clinical beliefs respecting digestion 

In giving meat to invalids cverj precaution should bo taken which 
will make for ripiditv of digestion It should bo served attractively 
and in not too large portions in order to promote tbc accretion of the 
“appetite” juice If given raw it should bo finely scraped, as this sep- 
arates the fibers from the connectivo tissue Iviu meat should not bo 
forced upon a patient, since it is not certain that raw meat is more 
quicklj digested than slightlv cooked meat If cooked too long the 
miisclo fibers become hard, tastek s to manv persons, and difficult to 
digest Furthermore meats which contain relativelj little fat should 
he selected for invalids 

Poultry 13 popularlv supposed to be more easilj digested than red 
meats \8 no experiments contradict this belief, it raav provisionally bo 
accepted If true it is probably due to the tenderness of the fiber and 
the relatively small proportion of fat The fatter kinds of poultry art 
less easily digested than the lean The popular belief that tho light me it 
IS more digestible than tlio dark mav bo duo to the higher proportion of 
fat in the dark meat but the differciKo is slight 

Attention should be directcil here to the fact tliat the oxtractivo<on 
tent is csscntiallv the same in white and red meits In diseases where 
It IS desirable to reduce tho punn bodies to a minimum there is no adrnn 
tago in prohibiting red meats jf tho patient is allowed to eat poultry 
at will It is probablj true «o far as the sick on. concerned that the 
onlv difference between white and rod meats concerns eise of dige tion 

Digestibility of Fish — The n.1utivc digestil ilitv of different fi«h ap- 
pears to be dependent upon the amount of fat they contain. Langworthv 
has fjroujcil tho commoner fish from this standpoint, into thrct^ classes 

1 Fish containing over 5 per cent of fat salmon, shad, herring 
Spanish mackerel, and buttcrfisli 

2 Fish containing between 2 per cent and 5 per cent of fat white- 
fish, mackerel mullet, halibut, and porgy 

3 Fish containing liss than 2 per cent of fat smelt black bass, hluc- 
fisb, white porch, wcakfish brook trout, hake flounder, jellow perch, pike 
pickerel, sea bass, cod, haildock. 

Digestibility of Eggs — Alost of the experiments upon the digestibility 
of eggs have been made upon hcalUiv men and lower animals All of 
them indicate that eggs are easilv and thoroughly dige tod Buhner found 
that with a diet consisting of hard boiled c^tgs alone the nitroircn was 
absorbed to about the same extent as that of meat wink the fat was 
absorbed l>etti.r than the fat of meat \ufrccht and Simon studied the 
absorption of ligbtlv boiled and raw eggs, compared witli meat, as part 
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of a n)i':c(I diet, and fotitid lliat tlio ulwrption of lx)tli tlic nitrogen and 
fat was groTtcr in tlio egg — tlinn in the mint — period Jlicj concluded 
that liglith Itoiknl and riw eggs hue a lii„licr food \ahie ns part of a 
mixed diet tlnn n corrispojiding amount of inent 

The mcthml of cookiii^ c^gs appears to affect the rate rather than the 
completeness of tlicir digestion ^^hll<> this has no npprccinhlc effect m 
health, it maj nu«e ilieorders of digestion m di^eise Tiulged bj the 
length of time tlu^ remain m the atomneh, eggs arc digested in the fol 
lowing order (the most eisil^ digested are g»en fir«t) lightlj cooked 
e_gs, raw eggs, biittend eggs, hnrdtioilrd eggs, omelette Judged b\ the 
completeness of alivirption, Anfrocht and Simon base shown that liglitlr 
lioiletl eggs lin\c a soimwlmt lower imtrilixe snliic than raw eggs Jons 
finno ItIilics th it if hard lioileil eggs are thorottl,hb masticated they arc 
digtsted ns easiK ns li„btl\ cookideggs V(r\ few experiments haic been 
made upon the rolatnt digtslibilits of the white and the solk of the eg» 
Stern fownd that riw or half raw xolW is rcadil) digested, and Ko«<, 
and ilacleod lia\c found that there is xer\ little difference m the di 
gcatibiliti of nw or cooked whiles of eggs 

Alhilo It 13 probable that the facts regarding the digcstibihtv of eggs 
h\ healths men appK equnlh to thos© who arc ill, positiic statements to 
this effect cannot i>c made Prohahly the mo«t important factor influ 
dicing tho digistibiliti of eggs m disease is whctlier tliei are taken with 
relish ^^hlto of egg citcn wilhmil appetite will lie m the stomneli tin 
(hanged for a considerable time (Pavloa) Tins js due to the fact that 
the egg contains no substances like tho cxtrnclncs of meat which arc 
capable of exciting the flow of gastric jiiice Once the How is started, 
the products of digestion stimnlitc fiirthir secretion If water be taken 
with egg albumin it initiates tlie sicnijon (Pavloi) \ similar risult 
13 obtained if the egg is preceded hr, or given with, meat hroth The 
difference in digestibility lictwttn Iightli cooked and raw eggs is so slight 
that it IS not necessary to compel patients to take them raw AVhen a 
patient’s digcstnc powers arc much ciifethled, eggs «hoiild not be but 
tered, but there is no ohjection to the addition of "alt and pepper Fraser 
found in cxperiincnts upon the artificial digestion of eggs that tea, coffee, 
and cocoa retarded d gcstion of the protein, though the effect of coffee 
was le«3 marked than tliat of the others 

Idiosynctxify to Eyg^ — Persons are seen occnsionnlh who haie an 
idiosyncrasy against eggs The peculiarita is usually discovered early m 
life The svmptoms deielop after eating egg cien in small quantities 
and irrcspectuo of whether it is taken alone or combined with other foods, 
as in custards The symptoms are often severe, collapse may occur 
Urticaria is common 

The Digestibility of Milk — The following account of the digestibilitv 
of milk is taken prmcipalh from Pavlov There are three properties of 
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milk -wliich «ecuro it aii cTceptioml position Jlilk, when compared with 
other foods in nitrogen equnalents, requires the weakest gastric juice and 
the smallest quantitj of pancreatic fluid Consequent! j, the secretory 
nctivitj necessars for its assimilation is much less than for any other food 
l\hcn milk IS introduced mechauitalh into the stomach of an animal, it 
can es a secretion both from the stomach glinds and al o from the pan 
creas, conscqncntly it appears to he an independent chemical eacitant 
of the digestiic canal and m this action there is no essential difference 
whether the milk be introduced directly into the stomach or be giien the 
animal to lap llilk eacitea not onli a really effcctiyc hut al^o a very 
economic secretion and the appetite is unable to stimulate this secretion 
into a more active or abundant flow The prae which tlic organism pays 
m digostne work for the nitrogen of milk is much kss than for other 
foods 

Idiosyncrasij to Mtll — In rare instanees persons exhibit an idiosyn 
craay against milk Ilalbcrstadt considers this to be eyidtneo of a con 
genital constitutional anomaly Tlic idiosyncrasy may be apin t the al 
bumin fat, or whey In some cayes the deleterious effects of tnilk arc 
thought to be duo to a change it causes lu the flora of the lotcstine Dcfl 
Jufo poisoning occurs in tin. c cn<es often accompanied by inflammatory 
changes in the alimeutary tract and roust be differentiated from the dips 
tivo disturbances whith many phvswians claim ore always caused bv 
milk Tiipndreich Ins de«cril>e<! a similar poisoning under tho titlo of 
Futfermilk lever ' 

Digestibility of the Carbohydrates — Ihe ihpstibility of the carbo- 
hydrates depends in pneral upon the rclatnc proportions of starch (or 
iigar) and cellulose Tiic grntir the anioimt of cellulose and tho thicker 
the cell walls the le s digt«libU is th( f<><u! The preparation of certain 
foods, such as the milling of pram has for its object the removal of the 
treater pirtion of tin. cellulo&e Sugars may be repnled ns partiallv 
digested earlioliyilratea Fxcept whin taken in quantities and in mix 
tnres which intirfiro with the nonnil procc« es they arc easilv dip tod 
and completely ab«orbefl Cirbohydrutx Kaye the stomach quickly 
Ilreiid and cereals may U, taken as types of tho carbohydrate foods 
Diijfslthilifi/ of Itrrad — Breid is puerally con idired to Ikj an easily 
dip ted food, but the appetite juice is nece ary for its perfect dips 
tion Bread eaten without appetite max lie »» the stomach for a long 
time without chnnp Bread is dipsted chiefly by the pancreatic scere- 
tion The lactic acid yvluch is formed in tlic stomach stimulates tbi, 
pancreas and thus aids the digestion 

Tlio majority of the cxjwnroenta on tlic dip libvbty of bread tclati. 
to tho complete ness of its dipstion by healthy meiu "Mver and Voif, ex 
I'lnmciiting with different kinds of wheat and rye bread found that the 
dip'«tibdity of bread deiiended clneflv upon its ligbfne**. ‘'tudus car 
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rjcd OMt nt tlic 'Miiuicvif't 1 xp«rimcnt Station upon tlic dioC'>til)ilih of 
hmds initlo from ^rilinm x\lunt md stainliiril pitcnt flours dcin 

onstnfiil tint Im id nude fnim xtuuHrd jntnit flour %\is mo«t com 
plctd^ di-i-'tid, nliolo nlit it hn id next, niid grdinin ha'-t The digcsti 
Iiilit) of crntktrs, iinu'iroiii, uiid xnrioiis SMfit cakes made from white 
flour was found at tlic sunc Stition to l>e cssrntnlli the same as that of 
bread 

Ihcro IS a pnpulir belief that cold bread is more easily di;:^stc<l than 
hot bread Jhis n probibK tnn but it is due to the phasical condition 
of the bread and not to the lu it Hot bre id is inoi t, and if not 'o<nri 
b( fore bdii^ < itm is eonipn *d into touch itia es dnrni" rna«ticatioii, 
and therebs rindirod b s eaiily di^istiblc If propcrlr made, cold or 
st lb breail lont ini'! It s moistun and is not tijun to llie same objection in 
that It does not torm tin e t«m,^b inns is durin,^ mastication 

As fir ns IS known tbt almnc facts are applicable m disease Dii Ixns 
found tint bre id and crickers are rasih and completely digested by 
tiphoid fcMr pitKiit 

I^^lien bre id and smu! ir footls arc eaten ba per nns who have little or 
no nppetite flita sboithl In combmetl aeitb 6nl>sfnnces which haac a lacal 
stimnhtm, action upon the trie j^lntids Wnttr is fufBcicnt for the 
purpose hut mt it brotli is often to Ik prcftrnal 

I) yesfihilili/ of CtrenI Lrfolfii'tl Jowl* — The diRevtibiliti of cereal 
breakf ist feeds has bot n meo fv >t*al at the Connettient, "Mninc, and "\Iin 
nc ota 1 \periinent Station* Ibo results showeel that in hcalthr men the 
iircal lireakfast foods in general are somewliat h 3 digestible than white 
bread It was femnd at the 'Miclii.iii rxperunent Station that the greater 
pirt of the soluble cirlK>hadrit<s in the po^illed predigested breakfa't 
foods consists of dextrin 

Digestibility of Fat — 1 it illustmtrs espccialh well the distinction 
aeliich must be made betwcin cisc and completeness of disestion. All 
hcaltha persons consume daila larger or smaller quantities of fit in the 
form of blitter ere im or the nntnc fits cont lined ui other foods Ibit 
an excess of fat oaer the iisnd qnuitilx or a cliaucc m its form is dis 
ta teful to many persons, diOieiilt to digest (ns rcg-mls the stonneh digcs 
tiou), and max proehicc naw ei ’NcTeTtlwiess, if it is tolerated by the 
Btomaeli, only a small portion of the fit ingested escapes absirption m 
liciltb 

Tat IS not digested m the stomach but mav Jiaxo an important m 
flucncc on gastric digestion Fat exerts an inhibitori action upon both 
the psxcliic or “appetite’ add local gastric juices, and dclais tho pas 
sigc of the chyme info the dnodcnmn (Parlox) Tlie inhibitory action of 
fat affects cspceialh the digestion of protein, and o\pl nns the xrcll known 
fact that fatty protein foods arc difficult to digest, whether tho fat be 
nativo to the food or be added to it in the process of cooking On the 



DIOrSTIBIim OF FOODS 


115 


other biud, the addition of fat to ^farthy food«, for cTomplc, bread and 
butter, IS cii tomury, and aetordiDj, to Pasloy, rational I read requires 
little fjastric juicc for its dij^ation tlie fat restrains the nctj\it% of tho 
gistrie ghnds, while it the same time it promotes the secretion of pin 
crtitie juice, which is neidcd for the digestion of the starch, the partiallj 
digested protein, and the fat it ilf Ihongli nn cseess of fat in a raised 
ratal ^nfl^ cause distiirhinccs of digestion fat alone cicn when taken in 
Tclatnclj Hr^c qii'intitios is not diftnult to digest 

LarpO amounts of fit ina> tan regurgitation of the duodenal con 
tents into the stomach This fict has bciii ol tned both cspcrimcntsllv 
indtlimcallj (Pisler) 

OrdinanU, fat is well nhsorlitl in litilth Its shsirption appcirs to 
Is related in a mcasnro to Its mi Iting point Butter, i ith i melting point 
of 37° C IS more oorapIcUlv ah oHjrd than mutton fat with n ineltin„ 
jiouit of o2° C A\heu th tud ntims *>(» t> 100 gnms of fit onh 
t to t) jx r c( nt IS lo t iKrmalh in tin ftets 
Iho absorption of fU larns liowcicr in di ei?( Vccording 

to Umlx r, 4 > per cent of ingested f it iraij he lost m the ftccs when tho 
hi!c dmt IS ocehided Ilinsm ibinuim j nindiK' f it sl-^nrption mas lx 
iiifeiftnd with In diM w if tin pimnss the lo«s nni resell 7 per 
(cnt On tlio other lisiid the «b orption of fit in tspboid filer is often 
nrairkable S me of m> pitunt stndud In Dn Bois when tikiii^ 
2 0 grains of fat s d ii in tlie f irm >f reim ind buth r lost an avenge 
of 7 3 pi r cent in the ficis in th« te*p-cur\ed period and iii con 
\slcaccncc while taking siinihr umnuiits tlies lost 4 5 per cent 

Length of Time Food Remains in Stomach— Ih' kn,,th of time 
which a food rcmsuis iti the stouiaoh liss often been aoceptod ns the mei« 
lire of its digestibiliti Uit ii probibh onK an indication of the es c of 
Its ilij,estion 

Tho length of tune which certain {< hIs reimm in the stomach is 
hown in till follow ui„ table of expiniiM Ills l*\ Icnzoldt 


ONt 


Two IIueK!> 


Am I of Food 

atcr 

Charg'd walir 
W itliout 
Jmisture 


Toi 1 , 
< iffee • 
f X^3 ] ® 


llcor 

X 4.ht Winn 
X ilM imlk 
\X it Ir til 
I I lone in niter 
^ ft I ll 'll Cp"’ 



no 
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Two TO 

TiiB»r Hoir^ 

Grant 


Airiff of food 

200 


Coffee with creiim 

200 


Cocou with milk 

200 


\folaf.n wine 

300-o0n 


ftter 

100-^00 


lleer 

300-^00 


lloiW milk 

100 


liaw scriiinMixI linni boileij 
cfftr nnd omelette 

2^0 


Cnifa Irnm lioiled 

I** 


Kow oysters 

200 


lioiled cnTp 

200 


Itoilctl pike 

200 


Hoilod liflddvk 

200 


Dneil roi!li<li 

uo 


BoiIe«l enilillower 

1*50 


CaiiliOrtwrr snln 1 

1.0 


Boileil n piiriiRus 

loO 


1 otato 

1 0 


I otato «oiip 

luO 


Cherry prr«crTe* 

1 0 


Hnw rhemes 

"0 


Mliilo lircid fri-li or oIJ 
(Irv or with ten 

70 


Cmckne! 

^0 


All>ert bi«cuits 


XUBFr TO loiR lIoiR« 

230 


Boiled yciunp fowl 

2o0 


lloii<t partriditc 

2’0-2ro 


Boiled piRCon 

105 


Roast partndpe 

250 


Beef raw or cooked 

2o0 


Boiled cftlfs foot 

IGO 


Ham raw or cooked 

100 


Ron«t >m 1 warm or cold 

100 


Broiled beefsteak cold or 
warm 

100 


Scraped raw beefsteak 

100 


Tenderloin 

200 


Rheinsnlmon boiled 

72 


CaTiar 

150 


Rye bread 

1^0 


Orabara bread 

lOO-loO 


Albert bi cuit 

loO 


Boiled nee 

1^0 


Boiled cabbnpe 

150 


Roiled earrot 

150 


Spinach 

150 


Raw radi li 

150 


Apple 
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IF 


210 
2^0 
2 0 
■>-0 
100 
2>)0 
040 
■>>0 
2 0 
*>00 
1 0 
JOO 


FovR TO Fira Horns 

of Food 
Ron^t pigeon 
Broiled filet )f beef 
Brided steak 
*'01 lived tongue 
Smoke 1 meat 
ICoa^t hare 
Poa«t partridge 
Roa'it hio'ic 
Roast duck 
Sail herring 
r cntil amp 


Coefulifnti ii Dir»sTiiiiUT\ < \»M>HinniUT») iv Dihfrfnt raoiTs or Foon 
AUT^.KUI^• 


K 4 { F d 

"p f~' 

t C i 
r t 

P C «t 

C b 
b,a t 

bleats and fish 

97 0 

9j0 



97 0 

JoO 


Ilair; products 

9 0 

0 0 

03 0 

\nimal food (of mixed diet) 

9. 0 

0 0 

9^0 

Cereals 

*ioO 

90 0 

D'^n 

Logiimrs (dritd) 

SO 

(Mil) 

07 0 

Suivors 



0*0 

*^tftrchea 



0*0 

^ egetab’es 

MO 

90 0 

<1 0 

Iniita 

8 0 

000 

00 0 

^CRe{aUe fo ts (of mixed di t) 

MO 

00 0 

J7 0 

Tital fjod (of niived diet) 

9>0 

0 0 

9'0 
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EFFECTS OF STARVATION 

It will be nert'««4r> to distinpii h lictwccn the efiocts of complete and 
of partial diprnation of food Starvation la ctimpletc when a |Hrsoii 
loicms no food and the cmrpv nort a\ra for the rontmiiance of life i« 
derind from hia own 1 >dv Partial start Uion occurs when a ptraon 
n«ivcaoiil\ a portion of tin footl he rcqnirtu Under such circnmatancoa 
tho tiaaiua of the lioih arc drawn npon for onia part of the necc ajra 
tiierga In actual practice however the phv icinn niii t tahe into con 
SI leration the pn-ssilh di tiirl inns of ni faUdi m protlncotl hv the di ca«c 
from vvIikIi the piticnt la swffrnnjr onl which al«o inav he a caii«c of 
the starvation 

Effects of Complete Starvation — Complete olwtinenn from food for 
short poricMla la not — or at lea t la nvt likelv to 1 >p— harmful in the case 
of a lull Nature providta for weh rmtrprncies hv aceumulatirg lauerrea 
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of y,l\co„pn 111(1 fnt ‘ioiiii^ cliildnii, on (In other hind do not lx?ir 
‘'tirv itioii well (\(ii for iiort poriodi Hit re^irit ‘•uppU of pl'eo^cn 
Is relitnch smill, and ix so«»ii txhnubkd \ftrr its exiiaii tion, the kxh 
dcrues nil of its dur^v fniiii |>roteui mid fnt I at, which is of k -xr 
imjvirtiiipc 18 guritidd in f i\or of jirotciii llif hcn\ dtimnd made 
ii|X)n the fat n suits in its nuoinplrt* oomhiistion nnd the occurrence of 
nii(losi8 witli iicitoiif Ixidns in tlic lihMuI mul urine 

Ihe exjx nditurt ifdur^x 1i\ tin IxmIv n ninins iinrmil for the fir t 
dm or two of (oinjiliti tirx itioii KiiIhm r nshotis it at from SO to 1- 
(ulorus jx r kilo^nna of Ikh 1\ wd^k \Mhii Iht suhjett is at ahso/ide 
howtxtr tin in if jiiiMlmtioit mix full to 22 to 2(> cilorns per 
kiloiiriin f\twiitir Ivrtidt, Mnpiiiis t exx) Hit c represent 

the inninnni iintidsili in cimpitiMe xxilh lift, and tuinot l>e applied in 
prictuo, Ue Ml t p itn uts im r ini' or inxtr at eoinplctc re t, inile-s the' 
arc iish ep or in eoin \ 

Jyjss of wd^ht IS (liiineten tic of stirx itioii It is due to tin cou 
sinnption of tin Itodx ti sinn nnd to tin Himuiatioii of x\it(r and filt« 
the wd^lil dinimislns iht « xjh nditun oftJ)irf.\ fnlN lliefdl leeord 
»ij, to liiihinr corn iw>tu]ttig to lh< !» s lit lui^ltt Jht kxh temperj 
lure remiins jirntx ilK eon lint Hie tirun is dimini lud in nmonnt 
ihc lo s of iiiirOp,(ii IS hr^ for the fir t dux or m>, after which it re* 
mnins f urlx eon tiint ( 10 to 1 ^.ruiis) for n wetk or ten d ixs "Nratorial 
dixcr^ciiet from the x fnnins itidu ales tin iidltitiui of di ( isc Hnwcxir, 
in loiv fists fin tor other thm the «tiiipU spiruu of tht direct eflixt of 
food (otiK into pi i\ 

Pentdict hts ghoxwi tint roeoxer^ from Btnrxntion i« npid m htilth 
and mix Ik? followtd hx an letind ^itn m xxtight 1 istinp for short 
jwriods apjKirs to stimnlilc the ImkIx lo imriise its store of fit Tins 
IS r(p:nrde(l hx Peniditt to I»c a protectnc intchiiiism 

Effects of Partial Starvation — ^l*irtial 'farntion may o(Ciir thronph 
force of circniu tinecs emh as poxertx or ns the rt«iilt of di«(i e In 
(he htfer ci«c it is not alxxaxs cisv to distmpiish hetireen (he influence 
of insufficient fond nnd that of the disense From the incdieil stindpoiiit 
partial starxition prolnhlv oinira with greatest fnipienex in prolonged 
fehnle and in nnlignant diseases 

The bod^ IS capahlc of regulating its expenditure of energy to some 
extent "tt hen the food supply is losiiflicunt the production of ener^x fdl» 
corrcspoudiiij^lx Ihit xon ^Noordtii Ulicxes that the minim il amount 
of energx required bx per ons who are L(?dridden, nr who remain indoors 
ind do but little work amounts to from 30 to ”2 calories per kilogram 
riicir diets should be arranged upon this hisis Persniis wlio are under 
fed economize their protein at the expense of the le s important fat The 
loimcr the dcprixatiou of food continues the smaller the relatne amount 
of protein consumed 
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It should bu added that per ons who are uudonioiinshed are lc«3 able 
to resist imasion bj baottri% and to combat infection 


EFFECTS OF OVERFEEDING 

A person is o^erf^d when he Hkfs and absorbs more food than is 
required for his enorj:^ f’cchonj^ If an excess of food is not di^e ted 
and all orbed, it is likely to eiiise ihmentir\ disturbances 

The effects of o\crfi cdin^ ina\ bi cither pli>siolopcal or patholo^icd 
that IS, the feller'll condition of tb p rsou mi% lie improMMl or Mrioiis 
diaturlnnco of function In'^^ b< Irnulit about Wc are concerned lure 
chieflv with the plnsiolo^icil (Heels >f oMrfccdin" 

V person who is oiirfcd t,iins in weight lar^^eli tliroivh (he dtposi 
tion of fit, though there Im^ b< a cjintidcnt retention of mtrogen Fat 
IS a rehtuoly iinctiTc ti suefreni the initibolic (indpoint The ummu 
lition of fit adds to the rf cries but does not iiicrci i tlio power of tlic 
l>nd\ Impro\ejn*nt in tone if n t growth of mu ch J« iicce sarr to 
liring the body into a state of rigor ns health Tins dipciids to i greit 
estent upon propi r esiM k and should l>c Iwriic m mnid when ono is 
cmpl iMiig the ovorficding cure 

The objetts to b' ifoii,.[it iii oiirfiidiug nnn be cillur tlu nceittiuih 
tion of fat, or miproifnimt lu the cmdition of the mu ties, or Imth In 
irnngmg the diet tlie effijct of the diiTerent fooditnffs must l>o tikiii 
into consideration bat is th« lust 1 < hI for »impl( fattening purpo (s 
beoau 0 foreign fats in dip<> itid m tin l-oh without clmvo and with 
tlie esptiiditure of sen huh inerp ( irl«>h\drato ranks inrt to fst m 
value It lus liocn c timUid tint one fmrtU of the potential entrgv of 
esrbolndrato is ]i 1 1 c f in it is d< |x sited us fat 1 ntiin is U ist lalu il Ic 
I x-aiisc of the iiieroii t it ciii (s in imtil disrn and lueuise it cuinot idd 
initenills to tin stoic of fat riicrcfon, an iiurtist jn prrtim al me is 
irnitiniul m tmrfinlin^ (iin ^ uu N rhnadiis 4 p.s.ifirill\ nj^iui t 
the emploMiii lit of propri t ir> pritiin f«u ds f»r iicli puq'o^s I \(n 
111 cun nil I ncc fn m iiifi » f nc di 1 1 s an im n la of protein d v’s n it 
niitenillv affect tlu rchntnn ifnitngin 

AMiili the cs] niniiits if Iwlh Kni„ and Dapper imlitite (hit nn 
uiimi c in tlu c irlsihxlr ite rition and u nhitisih grriti r inert i c >f 
fat arc neconip inntl Is a nUntion tf mtmavn in 1 wir animals tin 
f Hi Ins not ^ct Usii e tiilili lud for nisn (SI pt in tiphoid fi ' r Tcphml 
flier pitunts tm\ rttsiii nitn„ n during the eoiirno of tlu di rx c and 
in cun ilts tim vlmi tin dnt fnmi h sn ivocss (( J itli enrl> Indnte 
and fat (‘shaffer and Colemsnt 

Fi n ral clinical cap riei»e« appi irs to iiidieatr that tlu lint nitulh 
hot for an oicrftelmg cim is neh m I dh fat and i irl ihidnlc T1 
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of j-Kooptn 111(1 fut ^ oun_ cliildnii, on iIil otlur Innd, do not lx ir 
stirxafion \\(ll <\(ii fur liort pcriodi llu ri. (r\o “iipph of pl\e<v'’n 
Hrtlntu(l\ ‘.inilljUiul is mxm ixhinstid \ft( r its cxlniistion, the Iwilv 
(lori'd ill of its (.inr^N fmm protdii and fat 1 at, ninth is of h or 
iniportmct is sicntiml to fii\oi of proltin The lu i\\ dtiiniid niadi 
iipm the fat n suits m its ii>roiiipIrt< tumilmstion niid the occurnncc of 
acid >sis w ith no* tniii Ixidit s m tlit IiKvmI and urine 

llu cxpdulituri of tinrjrx h\ tin IxkI^ rtnnuis norinil for the fir t 
da^ or two of isiiiijili ft st irx itioii PiiImh r rtxhons it it from 30 to «i- 
< ilorio p( r kihvrim of lxd\ i\tif,Iit \Mitii tin Buhjttt is it al solute 
re'.l liowivir tlit la it proihutioii niu fall to 22 to 2t> c dories per 
kilocniii ( \t\\ iti r li^irtidt, Ala^iiislew) Iht c fixtures repremt 
the iinninnl natilKili in (sniipiliiih nitli lift, and t mnot l<c applusl in 
prictue Utin « jiitientsan riirdv or ntxrr nt ooinpkte it t, niiless tlar 
art isle< p or in com i 

loss of \\(i,.ht IS chiirictcnslic of stnnition It is due to tho con 
sninption of tla Kxlt ti ms and to the tliminitioii of nnfer and silt* 

till Mti^lit dimini lies tlu oxjKiiditim of tntrf.t fall*, the fall, accord 
ifi^, to Iidhtar (tirrt [»ritidfn„ to the loss iti «ii,.lit J/it IxxU temptri 
tiire niinins prutu illv con taut The ttrine is diniiiii lud in amount 
Ihc lo s of iiitnwn is lir^ for the first dat or «o, aftir nhitli it re- 
in iins f iirlt (Miibt Hit ( KMo 1 1 f^r ims) for a weik or tin di's 'Matcrnl 
dnirgiiue from the ^ ti^irts indnates tin mlhiciKt of di t i«t lIoncMr, 
in liiiip fi ts factor otlicr thin tht simph spirin^ of tlit limit cfTcxt of 
food eonu into pi >\ 

Ikncdiet !i is horni tint rccoicn from stnr^ition is npid in health 
iiid iin^ bo followctl hi nil actual •am m Mti,.ht 1 i tin«, for short 
periods appears to stiinnhle tin Kwh lo inemse its store of fit Ihis 
IS recirdcd hi Teiudict to bt a protoctiic nicchnnism 

Effects of Partial Starvation — I'lrtial starntion may cxcnr tbron?h 
force of circunistiiices smli as povcrti, or as the result of disei«e In 
the lifter ci«e it is not nlnais tisx fo distinguish between (ho itiflticnce 
of insufficient food and tint of the di«cisp From the medical «tuidpoint 
pirtnl stin itioii probiblv occurs with greitest fri<]uenci in prolorgrd 
febrile and in indignuit di ei«cs 

Tlic lK)d\ is tipiblo of rcgiiliting its expenditure of entrg\ to onic 
extent Wien the food suppJj is insnlficient tlic production of energ} fulls 
corrtspomliiiph Hut \on Aoorden bdicits that the miiiinn! jniount 
of energj required l)> persons who an. Ixdrulden or wlio rcmiin indoors 
and do hut little work, amounts to from *’0 to 32 cilonis per kilogram 
riieir diets should lie irrxn^cd upon tins basis Persons who arc under 
fid tconomize their protein at the cxptnst of tlie lc»s important fit The 
]on"i-r tho deprivation of food continues the smaller the relative amount 
of protein consumed 
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of the urine rose at once Tlienfon since Init little protein is aijsorbcd 
and since proteins arc readih dccompo cd by the intestiml flora, gi'ing 
rise to substances which tna\ imtate the bowel, it appears to be nndesir 
able to giec nutrient cnemata containing protein eitn m its partially 
dipc ted forms 

There IS a difference of opinion regarding the absorption of fat 
Brown was unable to proie the ah orption of emulsified and pancreatized 
fats when given bj rectnm to a patient suffering from cluliiria though 
when fat was taken bv mouth thi amount in the urine was prompth in 
creased Bo^d, on the other Land has shown that fat msv be absorbed 
though be cills attention to the wuh difftrciucs in the ahaorptne power 
of different individuals Bo\d rwinmends volk of e^g and emulsified 
olive oil as suitable fats for nutrunt encmiH Cnani Lis also licen 
used 

Destrosp is rcadiK absorbed bi the large lutestim, and is prolnbU 
the best form m which to gne eirboU\dritc Dextrin has also Itsn 
recommended Brugsch states that dextnnireil or milted starch is ks 
irritating than the sugar* and mo\ be emploied instead of tlicm. Brown 
was able to niso the respintori quotient bv the use of dcxtro«e and to 
cause the diminution or disappearance of audosis Di xtro c miv irntatc 
the bowel and cause cramplikc puns when givin m concentration gretter 
than 10 per cent I ha\c found « note san at times to rcdvieo the strength 
of the solution to 7 per cent and c\cu to G per cent If sugar is ab- 
sorbed bj the inferior bemirrhoidal wins it tutors the general cireuli 
tion Without pissing through the lutr and ma\ cin«e gUeo iiria 

^alts and water are rcadili abMirUd b> the colon and thert is little 
doubt that much of the benefit which has Ictn awnhtd to nutrient 
ciicmita w as attributable to these suM inco* Alcohol, likewise, is rcidilv 
altsorlxd, and is often added in smill quantities to encmata 

Vr^/iwf of Gutng Nutrient htrmnla — V cleinung enema of uorinal 
silt solution (0 9 per conf) slioiihl be piieii cicr\ monung one hour before 
the nutrient enema Same aiitlinrs rwiminend n cleansing enema Ivfort 
tich nutrient enema but iinle a the niitrieut enrmi contiins foods wliuh 
arc not readilj al sorbed this proadnre scireelj si-^ms neees ary and maj 
increase the irritaluhti of the colon Ihe pnlitnl hould l>e plioc<l cither 
upon the left side or the bock with the hip* ehvited on a pillow The 
apparatus mn\ consist of a medium size funnel insertwl into the end of a 
small rectal tnU. or large catheter or an unirted thermos Ik tflc eon 
fleeted with the rectal tuW or ratlKUr by means of rublicr tubing k 
small metal tube passed througli the *topp»r ami reaching to the I ittom 
of the liottlo permits the eiilranee of air and tin fliw of its contents A 
bnlWiringe is not suitable l>ecansc of the difficultv of controlling the pres- 
sure, and the likelihood of injecting air Tlie funnel-apparatus is per 
haps more coniciucnt for thicker encmata, tin. Imttle for the sugar solii 
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Voit or Atwater stindari! eliouW Ikj followed in determining the amount 
of protein III nil en«es the total tiKTp\ ro<imrement of tlie patient should 
he calculated and the diet arranged to fnrnioh more cnerp than the cal 
dilation calls for 

Millie the pithological effects of orerfmling ennnot lie considered at 
length, attention «hnuld lie enlldl to the fact that iiijndicmus oicrfeeding 
inn^ cau«c pathological ohoait} 


METHODS OF ARTIFICIAL PEEDINO 

Mlien for nn\ reason patients cannot or will not take food h^ mouth, 
other methods of nourishing them must U emplo\cd 

Rectal Feeding — Ilcatal fwalin,, inns l<c ri*>orted to when swallon 
mg IS difScult or impossible ns in cases of tumor or stricture of the throat 
or csoplinpis when the mu«cles of deglutition arc parnlizcal, m cn«e9 of 
ulcer or tumor of the stomach, and m cases of uncontrollable aomiting 
Mhen for ana reason patients arc incipable of taking all the food thev 
require bj mouth, additional food may be pren for brief periods per 
rectum 

Tlio nutritive value of mitrieiit cnematn ha«, according to recent in 
sestigations, been pcatly overestimated, and the pbisicinn should keep 
clcarl;^ in mind the fact, when employing this method of alimentation, 
that the patient is receiving only a portion of the food he requires Pa 
tients have subsisted upon nutrient cnematn for several weeks, but it has 
been largch at the cxpen«c of the IskU ti sues The gams m iveight 
which have occurred, especially after severe bcmorrlingcs Jmae I>ccii shown 
to bo due to retention of water Prohibit the pcate«t quniitit\ of food 
which a patient is c ipablc of alisorbiii,, h% rcptiiiii reicbes oiil> from one- 
fourth to oiic-tbird of the total dail^ re<|uircnKnt, c\eii when at rest iii bed 
Boyd cills attention particularly to the fact tint the amount of food ah- 
sorbed depends upon the patient fl cipitit\ fornb orption uud not iqion the 
qiiantitj of food injected Therefore, it is not always desirable to gi'c 
large cnemata, the unused portion is likeh to decompose and cau«e 
irritation 

Nutrient eneraatn do not enter the ilcitm, and such absorption ns occurs 
must be from tlie colon Nor do nutrient enemata cause a reflev secretion 
of gastric juice (Pavlov) 

The different foodstuffs arc not absorbed with equal facility hj the 
colon All of the aiailable evidence indicates that protein is poorlv 
absorbed Broyvn compared the nitrogen output in the urine from saline 
and nutrient enemata, and obseryed not only that the curves were similar, 
but that they were comparahle to the nitrogen cvcrction of licaltliv fasting 
men When the same amount of food was pyen bj mouth the nitrogen 
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in 8 ik1i Cl oftoinr than one* < r twuc i d^v In the cn c of per on^ 
who irt con (inim food mj\ l< ^nen fhrtc tunes a dtj 

Onlv Inpiid foods on mtilih t>r Ihe ‘nitd hoiild be 

niidc lip (is to hulk and eiifrf.\ a diu ) aicordnij; to the frcqiicnc\ avith 
which It IS to he repeated and sh nil U warmed to ahoiit the I «1\ tciii 
pcntiire "Milk, cream, aiil ivirs are be t adapted to the method 
and nn^ lecinplojcd m the tollowin^ or similar nuxturis 


AflXTlBV I II t K C «»CF 


> H 

« ( tr 

C 1 1 

Milk 1 

1 |int taifte c ) 

1 0 

frenin 

1 I mt ( OU c C ) 

1 flOe) 

I n tQS( or rane sugar 

•tgrjins 

200 



1 O./0 

Milk 

1 pint («0)c c) 

5 0 

Cream 

' 1 lilt (®».0e c ) 

00 

1 

* 

ICO 

1 


1 010 


Subcutaneous Feeding — f-al imU fir t su,.^i tid the siihiict i 
Ticous ndministrition of mis and fats ns a means >f siipphin,, the boeU 
"ith niitninciit "Mills Iji« nuntls made m extended ?lud\ of the 
me thod in I u<k s laimr it«r\, and the following ef Ueinents are la ed upon 
his results 

lats which art similar in I'ompisition to that of the botl\ are mo t 
Tcidih nl orUd I miilstons nr alr-irUd Ixtt r tlnn pluii oils. Jhe 
1 t cmiilsnii IS imdt with in in t jy r cent of les ithiii and sterile 
water llicsiti of the iii]e«.tion !i< nid U eterilize 1 with tiiieture of lodiit 
and should li im si^cd ntl\ ufti rw ird Can. should he t ikeii to aeoid 

entering a atiii as ecri1 nl «r imlmmirs fit imhnli m wmld re ult 

If the cimiNioii 1 injivtid l>wh mt tin nUnt ineous tissue fO gram 
of oil mn 1 h giun at om tune vrUliuit cansinj; discomfirt "Mills lias 
pr<i\id tint fats intridimd nlyntmeon h nna bo burned direefh thus 
spinn^ the IsicU fit mi\ 1» ntmu'd m the 1*"1\ in their own firm or 
nn\ lx ri'Ciinstnieteil iiit i ts>H fat 

J he siiliiutaiKxuis iidiiiini tratic n tf fat should not lx emplaiid uni s.s 
the pitinit IS eipalK if t ikiiu f y 1 I s inmifli While the method h 1 1 

irrini . of I mg u efiil it Ins ii»t las n jy rfiTtesl siiSieienth tijynnit 

of its nysiiiimi ii Intion for g* ntril purpi es 

/ro/fiii (ill/ Sufir — Wliih ntunemns attempts ha%( beni mid to 
admnn ter irofeuis and sncir iiUntincim Is the lurtlwyls hitlu rto em 
pined hai( not jiroied praetual "Satin pntiiu Nilutuus an dilSeiilt 
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FonJftLE FOR "NtTaiEVT 


Sot t 1 

W (bt 

Cl 

Dcitro e 

20- ^0 prams 


nter 

200-300 c c 


Dtrtro ( 

20- ]0f,rini3 

PO-120 

Wine (whitr or ri 1) 

30c c I 

10-20 

Water 

200-300 c c. 


^ons recommends 



llilk 

2iK)c c 

17^ 

\olk. of opt 

2 

100 

Silt 

\ pinch 


\\ me 

l^c c 

lO 

Hour 

l.»jrrani3 

50 

Mycr rcomnimud'i 



Cmni 

2uOc c 

••00 

Pi [tone 

2 crams 

! 

Pancrcitm 

V crams 



tjoii 1 )jp root il tulic l»c oilo<l, fr< < <1 of nir 1>\ nllQW lUp tht onejm 

to fill It niid introdiutvl woU into tl»o intoMinc 

rill ^171 of mifrnnt uiinnti \nric« from ti to 10 (200 to 

300 c c ) , the hrper the cm mi the h «a frc<)Mcnt the nec<l of repetition 
rhej should be puen nt tempi nturcs of 0 ,® to 100® 1 Nutrient 
cnomnt-i should nlwiis In injected slowh Iho Hom mi\ I* repilated 
bi raising or lowcrin^ the eontiimr The sngir colntions nn. often pivin 
drop bi drop, after (he Mnrpln methoel It is nreh ndvi^ible to giic 
more thin lliree enemiti a di\ 

Ihc pitient should lx in tnuteil to remnu quiet nfferwird md to 
rcsKt ( xpiil lou of the nil mi I itsuire upon the jk riiu urn Mith a foldeil 
toil cl b\ the ntti ndmt iiill oftni einhic tin pituut to ritiin it whin othcr- 
Mi e it would be njectid ^Miiii flic colon l«ecoines irritated 10 to 20 
drops o£ Iiiidmiini mi\ U iddcd to fin cjumi in order to qiint the 
ncrimis rcfh'cis •■if up b\ flu irntition 

Gavage — Iho term pii i^o ' disi>,nite3 foreiil feeding through in 
e«ophagcil tube The tul>c mai lx. pissed through the mouth or the iio«c 
GnMgi IS espetiilh indiciltd in the ci<c of L\ tcnul or puchopithic 
patients who rtfu ‘'0 food It has also been emplored in itrnttm of the 
c oplngus, whether spismodic or oririnic in pinlvbis of the mu des of 
didiititiou, and m comas The practice of gingL is not niintfcndcd hi 
danger, since the tide mai enter the Imnx c«piciill\ when the patient 
j 3 uneonsiioiis, and cm e pncnmonia Food should not bi administeitd 
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value of the food should not be pcnnitted to fall below, nor to grcith 
cvcccd, the dail^ rcquirenicnt of the patient 

In addition to its eniplovTnent in nephritis the salt poor diet has been 
recommended for the edema of chronic cardiic lalnilar disca«e, for the 
a«citc8 of cirrhosis of the liver plcunsv with effusion arterial sclero is, 
and diabetes insipidus 

& 1 LT CONTFVT OF FoOIW 

‘trcorrfit; lo I eta 

ret p c t 

h d 8 d ID 

F»od Cbl d FMd Chi dl 

R « Kmv 

U t I M t ri I 


Meats 

Mutton 1 • 

■\eal on 

Calfs brain 0 0 

Calfa kidney 0 P 

Calfa liver 014 

I3«{ (kan) on 

lork (lean) 010 

\enison Oil 

lith 

Trout OP 

Halibut 0 0 

KcrriHfr 0 2 

Cod OK 

Carp OOsr 

Salmon OOill 

Mackerel 0 *s 

JIadlock 0» 

Oyster (wa hod) 05’ 

Oyster (with sta water) 1 H 

Poultry 

Duck 014 

Coo c O'H) 

Chicken 014 

Pigeon O 

Turkey 017 

Stnoked and ‘'ailed Foods 
Ilatn (raw) 4 15 — 5 si 

Ham (boile^l) — •»‘k» 

Salmon (smoke)!) "rfO 

Paeon (sjTKk ><! Cerman) 101 

Bacon (smktl \menenn> lift 
Coml>eef Oerman *01 

Corn beef \meriein II * 

CM (salt)* *100 

Cod (salt l>oncles.)* poO 

Herring ( mokol) * 11 “0 


Sm kM and Salted Foods — Cont 


Mackerel ( alt, drc'Sed) 10 40 

Salmon (smoked salted) 10 S* 

Sardines (I reneh moil) 174 

Cod liTor oil 0 17 

Oeldtin (dry) 0“./ 

Dce( marrow Oil 

Sausages Froukfurter 2*0 

Sau igcs various kinds 200— A IQ 

\ncbovy pa>tc (Crou £. 

lUnckwell) 401 

Mont Lilroets 

I let ig d 2 ^0 

Keminericli 1 40 

%arious 1 niillon capsules 
extrait cte 9 40 ™'>'>() 

1 repared 1 oods 

I Issmon 0^1 

rolMirat 0 OOol 

Sonatocen 04’ 

Somalo e 0 PO 

Bovrils preparations OJiO— J 4 1 

\ aicntiiicd Meat Juice 00*! — 1.20 
Fgir (white an! yolk) 0*1 

bgg (white aline) 031 

Fgg (yolk alone) 0 030 

Caviar 3 00 

51ilk (whole) 0 16 

Cream 0 13 

Puttermilk 016 

Bhev 011—015 

Cond n ed ^Iilk 0 40 

Batler (un ailed) 0 0*— 0*1 

Butter (salted) 1 00 — 3 00 

leanut butter* 4 10 

Oleomargarine * la 

PalmiR 0 0016 


Fructin 


010 
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to storilizo protco'ics niid pcptonw arc toxic Solutions of glucose cau«c 
pain, and innN caiioc nccrosi'*, ulicii pi%cn m pmter concentration than 
''i per cent The ^e-iker fiolutioiis Kiipph so little nourisliinent that the 
dm^^ backs to the method outncigli ita advantages 


THE SALT POOR DIET 

Tho diet of civilized man continm ordinnnlv from 10 to 15 grains 
of common pilt 'Iliii ninoniit is rcadilv excreted hv nonnal kidnevs m 
(vvenfv four lioiiiN In oim cisih of mpliriti®, however, c«peciallv tho c 
of the p irenchvimitoiH tv pi the kidnevs arc tin iblc to excrete more tlian 
2 or 4 grams ,ir ivin l( i of «alt ti dnv 1 lie salt which is retnined 
passes into tlic tiasin tlmds and cjit®«*s, or mere iscs an existing edema 
The inahilitv of tin knhn vs to cxintc « lit sometimes nms pirallel with 
an innbilitv torxentt vvatir 

The exenton jKuvir of the kidinvs for sTlt ninv be tested a diet 
of 3 liters of nnik (this i-ontains » grains sodimn chlorid ond 100 grams 
protein) or bv Struiss diet consisting of liter of milk, 4 eggs, liiO 
grams of briad and oiidugh fruit, fruit jnice, tea ond sugar to make 
itpilitnblc ‘^tnu«s dn t contains alnnt t gram® of salt ]f the kidnevs 
are able to excrete the nni<umt of silt contained in these diet®, alt mav 
bo added to titlier of tinm in quantitits of 5 to 10 grams IVlicn the 
kidnejs are itnabk to elinimate the normal qnnntitv of silt, some form 
of silt poor diet mav U adv I'd! hut it phonld lie stated that the salt poor 
diet has not entirelv fultitUd the pn>mi«rs In Id out for it 

A silt free diet is i practical iinp>«8ihilitv unless one follows von 
2foorden’s plan of i,ivnig 200 grim® of lactose onlv The silt poor dicta 
Iiave been grouped under three licidmgs 

The ’<lnct sail poor diet of 1\ idal (containing 1 5 to 2 5 grims of 
silt) consists of silt free brcid 200 gr im®, meit 200 grams, vegetables 2 j 0 
grams, butter oQ grams and sugar 40 grams This diet contains 00 
grams of protein, and fiimishcs 1,''00 calories, which is ncarlv sufficient 
energy for the average patient rcstin,, qiiieflv jn lied 

7 he medium dnci dtel contains from 2 5 to 5 grams of sill The 
milk diet (3 liters) belongs here Tlic food should be cooked without 
the addition of salt, but the pitient slinnld lie allowed to use 2 to 3 gram 
of salt I day at the table 

The m^eraie sail poor diet (5 to 10 grims) allows considerable lati 
tilde It IS not necessirv to prepare special dishes, but the cook should be 
instructed to use eilt spannglj ‘'alted foods «uch as bacon and ham, 
should be prohibited This diet furnishes onlv a rough control of the 
salt intake 

In administering a salt poor diet, it is important that the enercy 
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>alue of the food should not be pennitted to fall below, nor to greitlv 
exceed, the daily requirement of the patient 

In addition to its cmploament m nephritis, the salt poor diet has been 
recommended for tho edema of chronic cardiac lalviilar disease, for the 
ascites of cirrhosis of the liver plcurisj with effusion artenal selerosia, 
and diabetes insipidus 


Sjlt Come\t op Foods 


iecoidmg to Leia. 

pet p c t 

Cbl d F d Chl d 

B • E w 


Heats 

Hutton 0 1 

t eal on 

Calfs brain 020 

Cdlfa kidney 0 ^ 

Calfs liver 014 

Btef (lean) <Hl 

Pork (lean) 0 10 

Tenison Oil 

Iiih 

Trout 0 1 

Halibut 030 

Herring 0 2 

God 0 16 

Carp 00*' 

Salnion 0 O' 1 

Haokerel 0 

Haddock 0 30 

Oyster (wa bed) 0 «2 

Oyster (with sea water) 1 14 

Poultry 

Duck 014 

Goose 0®0 

Chicken 0 14 

Pigeon 015 

Turkey Oli 

Smoked and Salted Foods 
Ham (raw) 415—586 

Ham (boiled) 1 Su — ^35 

Salmon (smoked) " 0 

Bacon (smoked German) 1 01 

Bacon (sm ked American) II 61 
Com beef German *04 

Corn beef American 1153 

Cod (salt)* 2300 

Cod (salt boneles )* 1900 

Herring (smoked) * 11 70 


brooked and Salted Foods — Cent 


Hackerel {salt dressed) 1040 

Salmon (smoked alted) 10 8” 

Sardines (French m oj) 134 

Cod liver oil 0J7 

C elatiii (drv) O'S 

Beef marrow 0 11 

Sau ages Frankfurter 3 20 

bausaged various kinds 3 90—8 10 
Anchovy paste (Cross £. 
Blackwell) 401 

Heat Extracts 

Tiebigs 2 60 

Kemroerich 1 40 

Various bouillon capsule 
extracts etc 9 4(^22 0 


Prepared Foods 
Plasmon 
Poborat 
''anatogen 
Somatose 

Bovril 3 preparations 
\ alentine s Heat Juice 
Egg (white and yolk) 
Egg (white atone) 
Egg (yolk alone) 
Caviar 
Hdk (whole) 

Buttermilk 
'IV hey 

Condensed 2Iilk 
Butter (unsalted) 
Butter ( alted) 
Peanut butter * 


0 21 
0 00-1 
0 42 

0 26—14 1 
003—120 

0*1 
0 31 
0 039 
3 00 
016 
013 
016 

011—015 
0 40 

00*— 021 

1 00— 3 00 

410 


Oleomargarine 2 1- 

Palmin 00016 

Fruirtin 010 
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to sterilize proteoses and peptones arc toxic Solutions of glucose cause 
pain, and ma\ ennse necrosis, v.hcn gi\cn in greater concentration than 
5 per cent The ucaker solations supph so little nourishment that the 
drawbacks to the method oiitnci^i its ad\antagcs 


THE SALT POOR DIET 

The diet of civilized man contiiiis ordinanlj from 10 to 15 grams 
of common salt This amount is rcadilv excreted li\ normal kidneys in 
twenty four hours In some cases of nephritis, however, especially those 
of the parenclmn itous t\pe the kidiievs are iiinhle to cxtretc more than 
2 or 4 t,riins, or even less, of silt a dav Ihe salt winch is retained 
passes into the tissue fluids and causes, or increases an existing, edema 
The inability of the kidneys to excrete silt sometimes runs parallel with 
an inabilitj to cxcrcto water 

Tho excretory power of the kidneys for «ilt may be tested by a diet 
of 3 liters of milk (this contains 5 grams sodium clilond and 100 grams 
protein) or bj Strauss’ diet consisting of % liter of milk, 4 eggs, 150 
grams of bread, and enough fniit, fruit juice, ten, and sugar to make 
it palatable Strauss’ diet contains about 3 grams of salt Ifthekidnejs 
ore able to excrete the amount of salt contained in these diets, salt may 
bo added to either of them in quantities of 5 to 10 grams When the 
kidnejs are unable to eliminate tho normal quantity of salt, some form 
of salt poor diet may be advised, but it should be stated that the salt poor 
diet has not entirely fulfilled tho promises held out for it 

A salt free diet is a practical impossilulity unless one follows von 
Noorden’s plan of giving 200 grams of lactose only The salt poor diets 
have been grouped under three headings 

The sinct salt poor diet of Widal (containing 1 6 to 2 5 grams of 
salt) consists of silt free bread 200 grams, meat 200 grams, vegetables 250 
grams, butter 50 grains, and sugar 40 grams This diet contains CO 
grams of protein, and fumislics 1,500 calorics, yvlnch is ncarlj sufficient 
energy for the average patient resting quietly in bed 

The medium strict diet contains from 2 5 to 5 grams of salt The 
milk diet (3 liters) belongs here The food should be cooked without 
tho addition of silt, but the piticnt slmiild he allowed to use 2 to 3 grama 
of salt a day at the table 

The m^emte salt poor diet (5 to 10 grams) allows considerable lati 
tilde It IS not necessary to prepare special dishes, but the cook should be 
instructed to use salt sparingly Salted foods, such as bacon and ham, 
should he prohibited Tins diet furnishes only a rough control of the 

salt intake , , . , 

In administering a salt poor diet, it is important that the energy 
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\aluc of the food «hou]d not be permitted to fall bdow, nor to greatlj 
exceed, tlie dailj requirement of the patient 

In addition to its emplo^^ncnt in nephritis th( salt poor diet has been 
recommended for tlie tdema of chronic cardinc lalvular disease, for the 
ascites of cirrhosis of the liver pleunsj with effusion artenal sclerosis, 
and diabetes insipidus 


Silt CoNTtsT op Foops 


•Iccording to Leva 
P C« t 
s d 

Cbl d Fo d 

R V 



Mutton 0 17 

Veal OIS 

Calf a brain 020 

Calfa kidney 0 

Calf 8 Iwer 0 14 

Beef (lean) Oil 

Pork (lean) 010 

\esi3on Oil 

lilth 

Trout 0 12 

Ilalibut 000 

Hemnjf 0 27 

Cod 0 10 

Carp 0 0'^'* 

Salman OOul 

^Uckerel 02^ 

Haddock 0 1>9 

Oyster (washed) 053 

0>-ster (with sea water) 1 14 

Poultry 

Duck 0 14 

Goose 0 ^ 

Chi ken 0 14 

Pieeon 015 

Turkey 017 

Smoked and Salted Foods 
Ham (raw) 415 — 5<W 

Ham (boiled) 1 5 3,. 

Salmon (smokeil) 7 50 

Bacon (smoked German) 101 
Bacon (smoked American) 1161 
Comb'ef German 204 

Com beef American 11 52 

Cod (salt)* 0300 

^d (salt boneless)* 1900 

Herring ( moked) * 11 70 


Smokcl and Salted Foods— Cont 


Mackerel (salt dressed) 10 40 

Salmon (smoked salted) 10 97 

Sardines (French in oil) 134 

Cod liver oil 017 

Gelatin (dry) 0 "5 

Beef marrow Oil 

Sausaffes Frankfurter 2‘’0 

Sausages various kinds 2 90 — 810 
Amhovy paste (Cross & 
Blackwell) 40 1 

ileat Extracts 

Liebig s S 60 

Ivemmench 1 40 

Various bouillon capsules 
exlratls etc 9 40 — 0 

Prepirel Foods 


Phsmon 0 21 

Roborat 0 0051 

Sanatogea 0 42 

Somatose 0 66 

Bovnl 8 preparations 0 26 — 141 

Valentines Meat Juice 0 08 — 1 ”0 

Egg (white an i yolk) 0 21 

Egg (white alone) 0 31 

Egg (yolk alone) 0 039 

Caviar 3 00 

Milk (whole) 0 16 

Cream 0 13 

Buttermilk 0 16 

Whey 011—015 

Conden ed Milk 0 40 

Batter (unsalted) 0 O'* — 0 21 

Butter (salted) 1 00 — 3 00 

Peanut butter • 410 

Oleomargarine 2 15 

Palmm 00016 

Fructin 010 
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to sterilize proteoses and peptones an* tOTJc Solutions of gliirose cause 
piin, and ina\ cause necrosis uhon jcixcn in greater eonccutralion than 
5 per cent Tlie nealcer ■Htlutioiis stippU so little noiinshment that the 
drawbacks to the method oulnn^ its ad\antage« 


THE SALT POOR DIET 


The diet of cnilired man contains ordinanU from 30 to 35 grams 
of eommon silt Hus amount is n idih excreted l)\ normal kidneis in 
tucnti four hours In stimc ca'K's of nephritis houcicr, especially tho«e 
of the parcnclivni itoiis tape the Vidiieis are iiniWe to excrete more than 
J or 4 grams or cien Icbs of salt a dai The salt which is retained 
pass* s into tin tissue fluids and oansex, or increases an cxistins, edema 
The imliliti of tl» kuliieis to exmte silt somctimca runs ptrallel with 
on mabihti to (Xf'ritc water 

Iho excreton {xnur of the kidmjs for salt mat be tested by a dtet 
of 3 htm rf milk (this toiitnins 5 grams kodniro clilond oml 100 grama 
proteinl or In ‘'itrauss diet, consisting of ^'4 liter of milk, 4 eggs, 150 
grams of bread and onoiigli fnut, fruit jmec, ten, and sugar to make 
it pahtnlile Strau a’ diet contains about 3 grams of salt If the kidneas 
are able to oxircte the amount of salt contained m tlicao diets salt maj 
ho added to either of them m <j«a«titus of 5 to 30 grams IVhfu iho 
kidneys arc miablt to cUramnte tlie normal qiiantiti of salt some form 
of salt poor diet may he advivd hut it showld he stated that the salt poor 
diet has not tntircl> fulfilled the promises held out for it 

A salt free diet is a practical imposaihihty unlcsa one follows von 
Noorden’s plan of giving 200 grams of 1 ictosc onli riio salt poor diets 
have been grouped under three Iiendings 

The sinri sail poor dtei of Widal (coutamiiig 15 to 2 5 grams of 
«alt) consists of s ilt free bread 200 grams, meat 200 grama, vegetablLS 250 
grams, butter 50 grams and sugar 40 grams Tins diet contains CO 
grams of protein, and furnishes 3,500 calorics, which is nearly sufficient 
cncrgi for the aairage patient resting quietly in bed 

The medium slrtcl dtei contains from 2o to 5 grams of salt Tlie 
milk diet (3 liters) belongs here The food should be cooked without 
the addition of salt but the patient should lie allow td to ii«c 2 to 3 grams 
of salt a day at the table 

The moderate snff poor diet (5 to 10 grama) allows considerabh lati-. 
tilde It 19 not ncce«airi to prepare special dishes, but the cook should be 
mslnieted to use salt sparingly ‘^talted foods, such as bacon and ham, 
should be prohibited This diet fumislies onK a rough eontrol of the 
salt intake 

In adramistenng a salt poor diet, it is important that the energy 
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Silt Covtcvt op Fooiw (f min 
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Drinks— Coot 


Fo^ls ii 1 » 1 ' < 

itpolhaani 

owi 

Sjuce- 

Fadiin pr 

00 9 

S T imi i i 

C >c» Ijubcl (Ifaltiiu) 

00021 

Spin till 

Ti Vi^ 

00.>3 

tarmt 

looisIrcinrcJfarTaWc 


( auUfir w c 

I- Billon 

0^10 

( rocn «jl 1 1 

Tk) k c upa 

0^ 

Vpfle mu i 

Roast bcif 

003 

Slenctl I* >' 

Roast jiorl, 

1^1 

Tspioci |Wl}lui„ U 

Chopa 

09i 

Vftcjwni lull '' 11 

Ro citekwi 

039 

luci. witb «P1 


THE PORIN FREE DIET 

Puna bo^]<» m ih? food a«‘I arc f< mi J witjiin Hio 

Thefonneran dtsifmatedcxogiuows thohttrr ud -n» a ^^ 7 * 

snira-il anil \e ptaWc food% contain piirm-* Hi* « 'f i-h it st 
waitlnsu^ftaropinnin ailcjuii l)>l)oan{lmi <u«U‘i nrn nt'd <in‘iii 
(tlieia) and ibeoliromin flic ingcsti n of p’co^i ii< t*' piirm* ’’J* *' 

I'unn-contwil of tbe tiriiio nud in prop»rtion to t\i uuioimt tiJvtn out 


Fvnw Co^T2^f OP Fooi>> (RrtKiMO tnii 
AvtOTfiins io ^ehmil and a »«* ItoRr ® 


tl>l G m 

Beef 

JluUon 
I iti 
'eal 

Ham (ri7:) 
Xoi'Cue (calf) 
Brain (p,g) 
I««r IV f) 
oidner 

Tlwmus (calf) 

Chukoa 

^ ig-on 

r ao«« 

^ CBHOIl 

Bo'nUon 
ifeat Fxtnct 
Trout 
% llfi h 
Cw 5 


t A Id 0 m 10 O 

0111 — 01V9 Sfljio n 

0071? — 0191 Carp 
Ojo-j^OlvS 11 rrinu 
Om— -0lH9 Sjrdinc «'> oil 
OOO-^jia ^nc^» Tp 
0 ir j Oy tors 

OOSl-^ 1 I b icra 
O'* Caujr 

O^IO—O 0 tailw 
0 9X1 — 1 OS Spinach 
OOSi— OWfi ^ 

Ol.l—Ol 4 \ p^Wffua 

0 099 St int, t e »n* 

Oil" — ois^ PoUl e« 
004>_<M 1 Ifu hn> "« 

2 OOO— o 000 P a« 

0019 lentil 

0 ix" n la* 

ooa — 0131 OitfflCM 


\i II ) 
l/ /i ' 


0 0 >— OiOl 

OlC 

O^O, 

0 ? t 

Oltj 

1) Os"— O ’1 

0 Hi r 
0110 
on i 
flu 2 
OM 
on 
0 006 
ooor 

0 03 . — OfllO 
n 0 t—o 0 I 
0 0 ^1 K 

OOjI— 009S 
0 061 
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Bar Content op F««'* 


r<u4 

Cll ■! 

It « J 

‘ ' 

Driniy-Coct 


Ii di Int *>• 

ipollinatis 

0041 

Saute 

Fttchin er 

00 9 

S nml 1 1 

t hiibcl CMsttoiii) 

ooon 

SpWA It 

\i h) 

OOaS 

Carrot 

Foods ! retnrcil for Tall 


C r 

B uiibn 

0.1—10 

f mn stlt 

Tliick roDfs 

0.,4 

\pi.le stut 

K >a t ijri-f 

099 

St tt d 1‘ 

liiMst pork 

3 54 

Toti !•» I> 

Cidopi 

097 

Slu trmi ( 

Roast obicken 

039 

Ittec aitfa 


THE PTJRIN PBEE DIET 


PuTin bodies i>Teeti«t in tlvc food lud iro fvrmrd \snbiii the W\ 
TbefcrnnerBfcdesigu'kttdoxi^Muns tlu htUr oid».t ikhis imrius iiom 
ttnitml atil iceotaWc foods conlnui pwrui’ 1 )»» ‘ “t err* »t‘ t n s 
tie pliwiTOn ,re p,a„,„, „lc„i„ l,>|x.mtUi» unthin «tii miit 
(Hem), mi thcoteonun The ' t ee,v'n »' P'''>'>e 

imm-TOBtent of tie umio, ona m ptoporti.m to Ik' omoniit nkin wii 


Proif Co'.TtaT of FwM (Itfofovm t «" 


Icmdins io Sttmiil and Be 


loo a s, 

Ilnilon 

lotk 

t«8l 

Him (tw) 

Tc.neiii> (cal; 
W87n (f 1 ) 

J'vcr a -a: 
’iii3ncr 
TliTmn< ( 0 
Chuken 

^TOi«fjn, 
PouiUon 
M<at T^tr 
Trout 

h 

Cod 


L A dO ■> 
OIJJ—OIM 
00i8— 0191 
012V-01‘< 
OlH— Ol^O 
00 2~OlW 
016., 

00<14 — 03 3 
02i9— 0 1 3 
0<»lO— 0 HI 
OOJO— 1 OS 

005 -Hll'W 
01,4—0154 

0006 

0 11"— 0 1«’ 
001,— 01 1 
2 000 — OOO 

0 n 

Oil 

OOto —OlSl 


«(U lUM iWJ 


S jlio >n 
Carp 

ilerrftiK 
Sf»rlin<* »' ‘I 
Ai h ry 

OenUr* 

h 1st r 

Casisf 

C 

Sp«n^ h 
(.tl rr 
\ paragos 
Sir i p. bei« 
I’oUtoi's 
ilu hrooTO'* 

I u 
LratiU 
Ik“siu 
O'rtnjral 


V 10) 

, I II «e 

tn a JO 

00 -—0 ^01 
U 11 

01 1 

0 4( , 

()t)S“_0 1 

OOt f 
1)110 
on 4 
00 2 

001 

00 t— OO.," 
OOOu 

oooc 

001 —0019 

(>fl (_H0 0 

00 Oir 
0 0 1—0 096 
00* 4 
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NUTRITION AND DIETETICS 


less IS eTcreted than is ingested The excretion of endo^onows punns is 
essentiality constant for each indi\idnal 

The use of the purm free diet is based upon the theor\ that gout and 
some other disorders are dependent upon the retention of uric acid in 
the body The diet has also been employed in diseases of the kidnej, for 
ome headaches, and “bilious attacks” (Proof is lacLine, hoivever, that 
the diet possesses definite value ) 


Bread 

Cereals 

Fruits 

Eggs 

Milk 

Cheese 


100 Qrtras 


Cofiee (roasted) 
Tea 

Chocolate 

Cocoa 

Beer 


Foods Contaimno No Poarss 

Beets 

Onions 

Port 

Sherry 

Bordeaux 


Pnarv Content or BevEitioEs 


According to If aKer Hall and Zable 


^RKk^o d 

Cb *ar 
Uttbripv « 
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no— 3 58 
143 
130 
0016 


100 0 *mt 

1 Cup tea (Ceylon) 

1 Cup tea (Indian) 

1 Cup tea (Chinese) 

1 Cup coffee 
1 Cup chocolate 
1 Cup cocoa (10 grams) 


00S05 
0 0700 

0 02a— 0016 

0 110—0 ‘>50 
0 268—0 a72 
0130 


PcKiN Nitbocek Comevt n Per CE^T 


Beef* 

Beef liver 
Beef thymus 
Cod* 

Wheat meal 
White bread 
White bread* 

Hominy 

Foods b ught in America 


From Voffel 
pomK 

0 059 Oatmeal 

0099 Rice* 

0 398 Potatoes* 

0040 Spinach* 

0001 Hilk 

0003 SwisA Chee e 

0005 Egg 

0 004 Tomatoes * 


PuriaN 

0 030 
0 0004 
0 001 
0 022 
0 0002 
0 0004 
00 
00 


METABOLISM IN FEVER 

Total Metabolism — The loss of weight, which until recently has 
alwavs accompanied prolonged hi^ fever, early led to the belief that 
the intensitv of the metabolic processes in fever is increased This belief 
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rirmined uncballenged for manv jeira in fact, until attempts were made 
to calculate tlie heat production of patients with fever from measure- 
ments of the respirator! tTchange^ 

The increase of the nitrogen crcretion in the urine has generally 
been accepted ns indicating \ more npid destruction of protein The 
discussions have centered around the total heat production and the extent 
to -which carbohvdrite and fat participated in the metabolic processes 
which bring about the increased heat production 

\ rise of the bod\ temperature maj be brought about bv an increase, 
in heat production without change in heat elimination bv a decrease in 
heat elimination the heat prodnction remaining uni,hanp,cd, or by other 
disproportional alterations of best production and heat elimination In 
probihlj no disease does the heat production reach such levels as nor 
malh occur during violent ind prolonged muscular exertion jet the bodi 
temperature is not affected bv it In exophthalmic goiter the metabolism 
mar be 7a per cent above normal without producing fever Therefore, 
It is evident that incrcise m heat production alone i» not sufficient to 
lansefevcr The heat regulating mechanism must he altered It is ‘set' 
m fever for a higher level of bodj temperature just as a thermostat is 
set for a higher tempi nturo m an incubator 

Quantitative Changes — Tin total he it production of the body may 
be learned by direct measurement of the heat given off fdirect calorimetry) 
or bo calculated from the rcspiratorv exchanges and the nitrogen of the 
urine (indirect calorimctrv) Du Bois has shown with the aid of the 
lalorimeter of the Russell Sa^e Institute of Patliologj that the two 
methods agree within 2 2 per cent 

The earliest studies of the total heat production m fever by indirect 
calonmrtrv giro inconstint results In the majority of cases an increase 
was noted but other cases were ohscrveil in which it was normal or even 
decreased As a ri«m!t of these difltrenccs the theory was advanced that 
fever might occur without incrca«e m heat production, that i® from de- 
crease in heat elimination But the results obtained in the investigations 
of Coleman an! Du Pois and the fact that manv of the earlier oh er 
vations have been proved unreliable inclined the author to the belief 
that fiver is atwavs accompanied bv increased heat production There 
has alwavs lecn an incrca e during the febrile period of tvphoid The 
total mctibohsm was roii^hlv parallel to the temperature curve, though 
there were considerable variations m diffcnnt patients and in the same 
patient at different stages of the di«eaae The average increase amounted 
to 40 per cent the m iximum to oomething over 50 per cent 

Without entering into the di cu aion of the significance of fever in 
the infective diseases, some of the factors to which the incnaso in heat 
product on has been attributed require consideration 

An en Iv explanation ascribed the inerca e to the greater destruction 
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of protem This theory has been abandoned except in so far as the 
protein metabolism contiibntes to the general increase 

Fr Mueller suggested that the increase in metabolism might he 
due m part to the increased rapidity of the heart and respiration and to 
muscular effort — restlessness, n^rs The most recent studies indicate 
that the amount of energj liberated by the heart and muscles of respira 
tion is insignificant when compared to the total, at least, it plajs no con 
siderable part m increasing heat production in fever In tjpboid the 
pulse IS charactensticalh slow But few oh ervations have been made 
on the amount ot energj required to perform muscular work in fever 
Svenson found m convalescence from tvpboid that muscular work is not 
done economitallv It mav not be done economically during the febrile 
period, vet according to evidence which we possess the increase in total 
metabolism is greater than could be accounted for by restlessness A 
patient w as uniisuallv quiet during the first hour of a three-hour period 
m the calorimeter during the second hour ho was restless and tossed 
about the bed, during the third hour he was restless and irrational 
Yet during the whole period his metabolism was only 43 per cent above 
normal, and was onlv 5 per cent higher than it was during a quiet 
observation made two davs later when the temperature was lower In 
the typhoid state, when the p-iticnt is rarely quiet, the increase m heat 
production from muscular effort must be great — it is conceivably doubled 
In the ordinary case of tvphoid the amount of the incrcaso from moving 
about the bed has been estimated to be about 10 per cent 

The influence of food upon the total metabolism during the febrile 
period is negligible The increase from protem is 6 per cent, from 
carbohvdrate 1 per cent In convalescence food has caused an increase of 
16 per cent m heat production, but without affecting the body temperature 
Qualitative Changes — l\hen the nitrogen of the uniie is known, the 
amounts of protem, carbohvdrate, and fat consiiided during stated periods 
may be calculated from the O consumption and the respiratory quotient 
The respiratory quotient, or coefficient, is the result obtained by div iding 
the CO output bv the 0 consumed 

By reason of its chemical composition, when carbohv drate is oxidi-cd 
to carbon dioxid and water the amount of CO liberated and O coa 
sumed are equal and the respiratory quotient is 1 0 When fat is oxidued 
to the same end products the respiratory quotient is 0 7 When protein 
IS oxidized to urea the quotient is 0 8 When the body transforms carbo 
hvdrate to fat the quotient is over 10, because fat is poorer in oxvgen 
than is carbohvdrate Since under actual conditions some protein is con 
stantly metabolized, the respiratorv quotient may vary from something 
over 0 7 to somewhat under 1 0 When the body is storing fat the quotient 
13 slightly under, or over, 10 

The respiratory exchanges of fever patients have been studied both 
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during the fasting state and after food The data which have been ac 
cumulated permit a reasonablv clear cooccption of metabolic processes in 
fever to be formulated 

The low respiratory quotients that is, under 0 7, which have been 
obtained bj some observers, and which can only be interpreted bj a^sum 
ing that profound changes occur in the metabolic processes m fever, are 
now attributed to errors in tccbnic 

As will be seen later, the nitrogen metabolism probably is increased 
But no qualitative change in the nitrogen metabolism his been observed 
Protein IS oxidized to the same end products as m health — urea pnnci 
pallv — and liberates the standard amount of lieat per unit of substance 
Ao qualitative clnngcs are known in t!ie metabolism of carbohydrate and 
fat Both are oxidized to carbon dioxid and wafer and similarlv , produce 
the calculated amounts of heat The law of the conservation of energy 
obtains in fever as well as in health 

The respiratoiy quotients prove that carbohvdrate and fat arc 
metabolized under the same ^encnl laws as in health — only the rate of 
utilization IS changed When available carbohvdrate is consumed in 
preference to, and in greitcr quantity than, fat, ju«t as m health when 
an increased demand for energv has to be met When carbohydrate la 
not available, fat (of the food or bodv stoTe3^ is utilized It is stiU doubt 
fill whether fat is as capable of protecting bodv protein as is carbohydrate 
In a mixed diet they appear to be equallv good as protein sparors within 
limits winch have not yet been determined The. carbohydrate supplv is 
more rapidly exhausted in fever than m health whether in the form 
of the unchanged carbohydrate of the blood or the glycogen of the tissues, 
and should be frequently replenished 

Nitrogen Metabolism — On low diets tho nitrogen metabolism is al 
ways increased m the mfcctire fevers Alorw nitrogen leaves the body in 
the unne than is taken in with the food Conscqucntlv the store of 
nitrogen is constantly depleted the patient is said to be m negative 
nitrogen bilance In severe forms of the infective fevers, such as pneu 
monja and tvphoid, the los«cs relativtlv speaking mav be very great 
In general tbe extent of the loss is proportional to the soveritv of the 
mfartion It 13 always greater thou in simpli, starvation 

Tins loss of nitrogen in the infective fevers has been known for manv 
'ears and has been called the fthnle or toxic dtstnirtion of protein 
Vccordingly it Ins bicn considered a characteristic pliciiomcnou of infec- 
tive fevers 

''tvcral conceptions of the uatnn of the process are found in the exten 
si'o htcrafurt on the subject Aon Lcvdiii and Kknipercr describe it 
as a loss of nitrogm which caunit be prevented bv food According to 
I iiiidict and Suranvi, it is mcrelv an expression of the increise in total 
inetaloliein Krehl and Ir JlucUcr uc the term to indicate direct 
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mjnrj to the cells of the bod\ b\ the toxm of the infecting organism 
Ihcso different conceptions ha\e led to much (.onfusion in discussions of 
(he subject It should bo stated here that Grafc and his pupil, Rolland, 
dem the existence of a toxic destruction of protein in fever 

B\ their success in bringing piticnts with severe attacks of tvphoid 
fever into nitrogen eqinhbrnim Shaffer and Coleman showed that the 
conception of von Lo\den and IvUmportr is no lon^^cr tenable 

The main objection to the thcor> of Benedict and Siirinvi lies m the 
fact that the nitrogen metaholibm of normal men dots not nso with the 
increase in total metabolism whidi occurs during mtisciilir effort Jlore 
over the increase in nitrogen metabolism appears to be greater than can 
be explained by the increase in total mttibolism in fever 

Krehl & theorv of the toxic destruction of protein is at present the 
icnter of active discussion The opjaononts of the theorv, when not deny 
mg its occurrence, maintain that the increase m nitrogen metabolism is 
due to the rise in the bodv Icmperatiire Miher than to an injurious ac ion 
of toxins on the cells 

Influence of High temperature — \ large number of experiments 
ln\e been performed on loner animals and man m the attempt to dis 
cover the extent to which nitrogen metabolism i« influenced h\ hiji 
temperature The lodj temperature h is l>«<n raised artiflcnllv b\ pnne 
turc oi the heat center bv hotair, hotwat<r, and steam laths and the 
iitrogen output determined The nitrogen output of patients with various 
tvpes and heights of timperaturc curves has been studied during the 
febrile and afebrile periods 

The results of these experiments have not been uniform Senator 
md Richter explain negative results bv siting tint lllcrea^e m the 
metabolism of protein occurs onij vvhen the high temperature n mam 
tamed ior a number of hours and tint the increase of nitrogen m tlip* 
urine mav not at once be apparent Graham and Poiilton experiment 
mg upon themselves did not succeed iii increasing the nitrogen output 
hv raising the bodv temperature by steam baths 

The observations m vinous febrile diseases and on experimental!' 
infected animals have Iteon equallv inconstant In some mstiiiccs the 
nitrogen excretion Ins pai illclcd the temperature curve, in some it Jns 
been hiffh when the tempintiire has been low and an increa e in the 
nitrogen excretion has been observed before the rise in temperiture oc 
curred I mser and Schmid tite tint the nitrogen excrtfion is afftcfed 
onlv bv (emperatcires of 39® C and over 

Influence of Toxins — The discrep mcies iii the rclitioii of the nitro- 
gen excretion to the Ixidv temperature led to a searcli for other cause® 
Krehl attributes the increa e m nitrogen luetabolisra to a chlctenous 
action of the toxin of the invading o^uism on the cells of the body 
Commenting on Slav’s experiiuents on animals Fr Mueller savs the 
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fact that carboli\ (Irate diminishes the protein loss in fever would not 
di'proie the theori of a toxic dcstnu^ion until it hid been shown that 
like amounts of carbohydrate rtduee the nitroj»en exchanges of men with 
high fp\cr to ss low i Icicl as m hcilth Slnfftr and Cokman hi\e 
howTi tint till? 19 impossible in tvpboid ftitr Tlicir pitieiits could not 
he broUnlit into nitrogen cijiiihbrnim until they wire gi\en amounts of 
food reprcbtiitiiig nii energy yalue of oO p<r cent to 100 per cent above 
their licit production (compuUd from mcssuremciits made liter with the 
Finedict “unner&il’ apparitus and the Mgt calorimeter) It was al o 
found that the nitrogen intate could not lie rtduix'd much bcloiy 10 grams 
without tliroyyin„ tlit patient out of nitrogen bilanco Holland s patients 
with sepsis, piratyphoid and icnte pnlmonirj tulx rculosis hid i nitrogen 
metabolism not greater thin the lowest requirements in lieilth Mio 
brought them into bilanco on amounts of protein slightl} greater or 
yvitliiu the figures tnen by Riimpf and Vhumm (1 grams per kilo 
gram) and bv Chittenden (0 7 gram? per kilogram), but with an excess of 
tfltbobjdr'vte ®'he did. U5t take the iiiti gen miuiranm into coasideration 
that la tho smallest amount of iiitngen to which a healtbv man can Is 
reduced for short periods, together with sufficient amounts of carbohydrate 
and fat to coyer lus cn rgv reqnin menl without developing a negative 
nitrogen balance 

Recently Kochcr, workin^ under Fr Muellers direction has made a 
further stud^ of the subject, lie compared the effect of an increase in 
flic total niftabolism (through strumous excrciso) of two healthy ludi 
'iduils upon their nitrOp,in minima with tlie nitrogen excretion of fever 
patients on diets containing c seiitulh the same quantities of protein 
and amounts of energy which Ac c<i7rultt/«f were sufficient to bring them 
into nitngen equilibrium ^inee fhi feitr patients lost nitrogen, while 
the healthj men did not, he concluded thit the occurrence of a toxic 
destruction had been established Kochcr a experiments are open to the 
objection tlint ho did not first bring his patients into equilibrium and 
then reduce the protein as Shaffer and Coleman did Graft has published 
experiments on animals which he claims disprove Kochers conclusion 

The autlor helioycs that the proUin metibohsm is incrcised m the 
infeetivc fevers The fact that tvph id patients cannot lie brought into 
nitrogiTi equilibrium mile s tlicv rcc«ivc from 1ft to grims of nitrogen 
a dnj ind an amount of energy from »0 per cent to 110 per cent greater 
than their belt production can m his opinion he interpreted in no other 
wav But whether the increase m protein metabnlism is duo to the clcva 
tion in temperature or to injnrj from the taxins is, likewise m lus opinion 
ail ojM?n question 

llic most important consideration for the practitioner is that it is 
possible to nourish fiver patients in a mtnncr which prevents lo«s of 
nitrogen to tlie bod\ 
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mjun to the cells of the l)od% the toxin of the infeLtiu^ or^inism 
These different coiieeptioii:, Ime led to much confusion m cli c««sioiis of 
the subject It should hi stntid here that Grift ond his pupil, Itolhnd, 
den^ the existence of a toxic destruction of protein m fever 

their sucte 3 m hriiigm" pitunts with severe nttneks of tiphoid 
fevtr into nitrogin cqiuhbrniin Shiffer and Coleimn showed that the 
conception of %cm I t\den ind Ivleiuperer is 110 longir tenable 

The mam objection to the theon of Benedict niid Snriim lies in the 
fnt that the nitrogen metalxiliam of iiomnl intn does not ri 0 with the 
increivi m total metilxili in uliuh occurs diirinc innscnhr effort "Morc- 
nitr the increi'’c in nitrocen jmtaliolism npprirs to lo greitcr than can 
be cxplaineil In the mcrca<se in totil nictibohsm in fever 

Krchl s theor\ of the toxic desfnietioii of priitcin is at pre ent the 
miter of actne discus ion The opponents of the tlieor\, when not dein 
ing its occurrence miintam that the iiicrcisc in nitrocen imtilioli m is 
due to the rise in the bod\ tempi rntiir© rather than to an injurious ac ion 
of toxins on the edls 

Influenfc of Ilif/h Tfinficralitre — A Inr^c iinmlier of experimcHl* 
lm^p bicn performed on lowir niiiiimls and man 111 the attempt to dts 
TO%cr the extent to which nitrocen niotnl*oli«m is iiiflucncod h> hi_h 
tempi ratiire The Ixadi tenij>critnrc IiivIhou ni'cd nrtificnll\ hi punc- 
tiire of the luit confer b% hotair hot witer and ■steam baths and tlic 
ntrogen output detennined The nitrogen output of pitients with inrioiis 
ta-pes iiid heights of t«mperntiirc cimes has been studied during tlic 
febrile and afebrile perioils 

The results of these ixperimonts lin\o not been uniform Senator 
ind Richter explain iiegitne re nits b\ saxinc that iiurei-'O m the 
inetaliolism of protein occurs onl' xvben the high teinpirature is main 
tuned for v number of hours, and that the incrciso of nitrogen 111 the* 
urine max not at once Ik apparent Graham ind Poiiltoii expirimcnt 
iiig upon tliemsehcs did not succeed m meixasing the nitroijen output 
In raisine the Ixidx teinpcritiiTc bx stetm baths 

The ob«erx atioiis in x inons febrile di eases and on expcrimentalh 
mfteted animals hiixe l>«n eqnallx inconstant In some msftuicis tin 
nitrogen e.xerefion his piiallrletl the teiiipci itiire ciint m oine it Jus 
been hiji xvhen tlu temperature has hceii low and an increi e in the 
nitrogen excretion has ktn ol erved Kfore the risp ni tempt rafnrt ot 
curretl Im cr uul Sthmid tati (hit the nitrogtii excretion is affetted 
onlv In temperatiiris of 30 ® C and oxer 

Influence of ioriHs — Ihi di crtpuiciis in the relation of flu nitro- 
<^■11 excretion to tin IkkIx tfmperatim led to a st irch for other ciu«ca 
Ivrehl attributes the increx e m nitrogen luctiboli m to i dtlcteiioiis 
action of the toxin of the inxading oig;inisin on the cells of the bodj 
Commenting on Jfax’s expenments on animals Fr Jfueller saxs the 
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from 50 to 110 per cent more cnei^ tban the heat production This is 
probably true for man^ infective fevers There is some disagreement 
■whether patients should be given such large amounts of food, but patients 
digest them -well, and the author can see no justification for permitting a 
gratuitous lo s of protein Expressed as energj, patients with severe 
fever require from 3,000 to 4,000 calories a day If thej complain of 
hunger, as typhoid patients frequently hive while taking this amount 
the food may be increased The author has permitted as much as 7,600 
calories 


The amount of protein whu h the patient needs vanes from 00 grams to 
*^0 grams Patients lose nitrogen it less than OO grams be given, and thev 
derive no benefit Irora more fban *10 grams 

Carbohvdrate is consumed in preference to fat, whenever it is avail 
able and should be the mam reliance for maintaining the energy value 
of the diet "When the desired amount of carbohvdrate is not easily 
digested, the quantity of fat ma\ be gradinllv increased The arrange- 
ment of dietaries will be simpler if fat is included (butter vud cream) 
and vrith some patients it must be depended upon to supplv the greater 
portion of the energv As much as 300 grams of fat a dav has been 
ftiTen. 

One of the most important considerations m the dieting of fever 
pitieats IS indiiidmUznlton Even effort should be made to feed the 
fever,’ but this can be accomphsbM onlv if the patient digests and absorbs 
the food he reciives Witli so manv foods from which to choose, it will 
tarelv be necessary to insist upon a patients taking foods he dislikes 
His desires should be followed as far as is feasible both in the selection 
and pr paration of his food 

loods winch disagree should he avoided Torrev has hown that the 
iiiahilitv of the tvphoid patient to digest his food is associated with a 
ircdnmmanoe of a putretactive flori m the intc«tme The equally im 
portant fact disclosed bv his investigation, was that favorable fermen 
tatiie tvpe« of organisms usually gam the ascendency on diets rich m 
carlxihvdrate 

ifuch greater variety m food mav be allowed than was formerly 
thought penms«ihlc 


The author h is prictidllv abandoned the use of the milk diet except 
for brief periods and under umisual circum«taiicee Jlilk is a valuable 
addition to many dittaru 8 but alone it furnishes too much protein and 
too little energy If a carbohydrate is taken with it, sucli as brcid 
crackers, simple cake it is not onlv more easily digested but patients 
enjOT It more ihlk may serve also as a vehicle for other foods — milk 


sugar, e„ga and cream 

The food should be served as far as pns iblc in the form and manner 
most hkclv to stimulate the patients desire for it. ‘^mall quantities at 
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Absorption of Food m Fever — ^Von Iloes-^lm found in 1882 that food 
IS absorbed b^ typhoid patients almost as well as m health, in spite of the 
fact that most of his patients suffered from diarrhea About the same 
time (1883) similar observations were made m Chudnowsh^’s clime m 
Russia Von Lejden and Klemperers patients with high fever lost in 
the stools C per cent to 11 per cent of fat and 9 per cent of protein No 
carbohydrate was lost except when large amounts wore given or the patients 
had profuse diarrhea. Recently Du Bois has reinvestigated the question 
of food absorption m typhoid fever, using more rtlnble methods of 
analysis He found the losses to be as follows There was no loss of 
carbohydrate except when the patients were taking more than 300 grams 
a dav , then it amounted to only 2 or 3 grims, the average loss of protein 
was 7 per cent, the average loss of fat for all t.t4oCS of the disease was 
0 per cent (the loss of normal control** on the same diet was 3 per cent) , 
for the earlv stages the loss was 7 per cent, for the later 4 5 per cent 
It should be added that the patients were taking large amounts of fat 
In Coleman and Gephart's tvphoid patients the avenge fat loss la ill 
periods of the disease was 4 3 per cent No differencts were olwerved 
between the early and later stages Tho nitrogen losses averaged 11 
per cent 

These observations prove that in typhoid fever, and probably in other 
febrile diseases, the absorption of food is nearly as complete as in health 

Fevei Diet 

The facts which havo been obtained through studies of metaholism 
m fever have removed all doubt that patients with fever requiru more 
food than healthy men, unkss engaged in iieavv labor Ihe onlv question 
IS whether fever patients can take the amount of food thev need without 
detriment The answer is to be found in clinical tests, without which it 
IS irapos<»ible to estimate the value of anv therapeutic procedure These 
tests have been made on large scale, and the results prove not only 
that fever patients can take without harm the amount of food they need, 
but that they are benefited by doing so 

Diets which do not furnish enough eneigy to cover tho patients heat 
production compel them to Jive m part at the expenst. of their own tissues 
Experiments with such diets extend back some 2,000 vears m medical 
historv, and the results to say the least have been disappointing and the 
old doctrine of starving a fever' is fundament illv trroneouo 

The food needs of the fever patient mav be summanzed as 
follows 

The total energy required is alwavs greater than in health In gen 
eral the higher the temperature, the greater the need for food In 
typhoid fever the bodv protein is not protected unless the food furnishes 
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Toast Water (Cautlp\) — Imir a pint of boiling water o^er two or 
three slices of well toasted breid let it stand until cool, strain. 

The calorj \ahit. of this priporatinn is negligible 
Chicken Broth (Parthnlow) — bkm and chop hue a small chicken 
or half of a lar^t fowl and boil it bones and all, with a blade of mace, 
a spHj, of parsley, and a orn-st of breid, in a quart of water for an hour, 
kimmiug it from time, to lime in onler to remove the excess of fat from 
the broth Strain throiigb i toarst colander 

The oimposition of chicken broth is 84 3 per cent wafer, 10 o per 
cent protein 0 8 per cent fat 2 4 per cent carbohydrate 2 per cent asb 
I( furnishes 56 calones io 100 c e 

Chicken Jelly (Adims) — Ch m a iowl tint is about a sear old re 
move skin and fat chop bones, and flesh hue, place in a pan with two 
quarts of wafer, heat slowh skim tboroii^hh simmer file to sit hours 
add Balt mace or parslcs to taste strain, and cool WTien cool skim off 
the fat The jtllj 18 usually rcli<h<d cold but maj be heated Data for 
estimating the calorv value of this preparation are not available 

Beef Tea (Ciuthv) — 1 Mmcc one pound of lean beef and add to 
it one pint of cold water and ten drops of dilute h^d^otlllo^c acid Let 
It stand for two or three hours with occasional stirring, and then simmer 
for ten to twenty minutes Do not let it boil ^kim well 

2 Alinco one pound of leui bicf us fine as possible, and pound it m a 
mortar with a bmall teaspoonful of silt Add the meat and its juice 
to one pint of w itcr at 170 J- in an earthen ycsscl and stand it for an 
hour bj tlic fire stirring at times Then strain it through muslin, taking 
cire to squeeze all the juice out of the meat 

The composition of beef tea is 02 0 per cent water, 4 4 per cent 
protein, 0 4 per cent fat 1 1 per cent carbohydrate 1 2 per cent ash 
It furnishes S5 calones lo 100 c c 

Invalid Broths (Thompson) — To one pound of chopped lean meat 
either chicken mutton or beef add one pint of cold water let stand in a 
erwered gliss fruit jar from four to sit hours, cook for three hours in a 
chsed jar over a «!ow fire strain cool skim off the fat, clear with egg 
season and feed warm or cold 

Thesr broths (Tccpt the chicken broth possess essentially the same 
fuel laluo as hoef tea 


Beef Juice (Birtholow) — Lroil quickK some pieces of round or sir 
loui steak of a sue to fit in the cavitv of n lemon squeezer previously 
hcatfd b% dipping lu hot water The jnice should bi received into a hot 
colored (prefenhh nd) wme glass seasoned to taste with salt and 


caicnnt pepper, and taken hot 

Beef Juice (Cauthc) — Chop lem Ixaf fine or crape with a fork 


r meat Rcrapcr to separate the connective tissue and put it in a jar or 
<^''P> with a pinch of alt and enough cold water to cover it Allow 
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frequent iiitorMls — but not oftciicr tlinn e\cr\ two liour« — ire di<^«ted 
more nsil} tlinn fewer, but lar^jir, nicnU In seeerc fieir'? tlio pntient 
should be waked for liia food, except pcrliip'^ diinn-« tlic cirh morning 
hours 

The appetite nun lx* stiinulited and flou of g-istric juite 'stnrtul 
In beginmng tin Ini^i meals with two to four oitncis of meat soup 
This amount will not eompmmisi stoimcli room 

The foods which the author has found iiio«t u iful arc iiulk, emm, 
e^g«, bread or to i’«t crickers well boiled and bnm fret ctrnls, rue, well 
ewked potato, butter, bacem (as n relish), inilksug-ir, cuie-sugiir, tea 
and coffee (as \ehichs and foi \ariet\), cocoi, apple sauce, oruigo juice, 
lemonade, and ^,rapi jmee 

Vin digestible combination of lhc«c foods inaj K Inealids 

Dicfaiw ) 

The more cisih digested mi its nun Ihj permitted in snnll qinntittcs 
ouec a da\ prefiribh it nmlda' looils containing tcllnlo c ma\ be 
nlltiwcd to patients whose almic»tar\ tracts an. not the scat cf pitbolegi 
cal procossos. 


INVALIDS DIETARY 

Oatmeal Gruel (pi iiiO (from hood) — Two t ible poonfuls of ^ranii 
Inted oatnoal (4 > grains, 1S4 calorics), one ‘•nltspoouful of salt, one scant 
teaspooiiful of suirir (& gram , 11 lalonos), one cupful of boiling water, 
one cupful of milk ( 500 p,nins 2Jt» cilories) JIix the o itineal, silt and 
sugar (ogefber, uid pour on the Ixiiliiig w itcr Cook for thirti minutes, 
then stniii throucli a fine Wire str iiiicr to rcnioio the hulls plnci nirun on 
the stoic, add the milk, and licit jus.t to the boiling point Sene hot 
7/iis ffn/el /itnu«/ics ea/orie^ 

Barley Water (Cmfhi) — /Aim — I’ul a (enspoonful of prepircd or 
piarl barlei prciion li washed i« cold water, into a jng pour half a 
pint of boiling w itcr on it aeld n pinch of sill, stand it hi the fire for an 
hour, stirring occasionalli, and strain througli fino nmsliii Similir thin 
cereal decoctions mai be made from ri«, arrowroot, or oifnu il It fur 
nishes about 7 cilones per 100 ec 

T/iid — Tilt a heaped tnWespoonfiil of waslud pn pared, or pearl 
birlei into a clean siuce-pan and add a quart of water and a pinch of 
salt Boil slowli until it has cinporntcil down to aliont twotliirds of a 
quart and strain It mni !« fliiored ns desired Jhc addition of a 
little lemon peel, while boiln>_ is licst 

The composition of l-irhi iiaUr is OOn per cent protein, 0 05 per 
cent fat, 1 6 per cent carbohydrate 
li /iiriifs/if « / } mhrief fo 100 c c 
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Toast Water (Caiitlc\) — Pour a pint of boiling water over two or 
three 8lii.es of well toisted breid let it stand until cool strain. 

The cilorj \ahio of this preparation is negligible 
Chicken Broth (Bartholow) — Skin and chop hue a small chicken 
or half of a large fowl, and boil it bones and all, with a blade of mace 
a spng of parsley, and a cnisl of bread m a quart of water for an hour, 
"kimming it flora time to time in rrder to remove- the excess of fat from 
the broth Strun tliroiiffh a coir c eoluidtr 


Ihe composition of cliicken broth is S4 3 per cent water, 10 d per 
cent protein 0 8 per cent fat 2 i per cent carbohydrate, 2 per cent ash 
It fumiihes 5G calorifs to 100 c c 

Chicken Jelly (Adinisl — Cl(“iii a fowl that is ibont a year old re 
move skin and fat, chop bones and flesh fine, place in a pan with two 
quarts of water licit slowh skim th iroiighh simmer five to six hours 
add salt in\cc, or parslcv to ta«te tram and cool 'WTien cool skim off 
thf fat The jelh is usitalh relished cold but may be heated Data for 
estimating the ealotw \alue of this preparation are not available 

Beef Tea (Cuitk\) — 1 'Min« one pound of lean beef and add to 
It ono pint of cold water and ten drops of dilute hydrochloric acid Let 
It Btind for two or three hours, with occasional stirring and then siminer 
for ten to twenty minutes Do not let it boil Skim well 

8 Jlinec one pound of lean beef as hue as possible and pound it m a 
mortar with a small U tspoonful of salt Add the meat and its juice 
to erne pint of water at 170 T in an eirthen aes«el and stand it for an 
hour by the fire stirring at time^ Then strain it through muslin, taking 
rux. to squeeze all the juice out of the iraat 

The composition of hi ef tea is ^2 9 per cent water, 4 4 per cent 
protein, 0 4 per cent fat, 1 1 per cent cirbobidrate 1 2 per cent a h 
It /umis/irs 25 calories to 100 e c 

Invalid Broths (Thonip on) ■ — To one jioiind of chopped lean meat 
either ehicki n, mutton or Iteef add one pint of cold water , let stand in a 
eoiered gUas fruit jar from four to six hours, cook, for throe hours in a 
closed jar o\cr a slow fire, «train, cool, skim off the fat, clear with egg 
seasi n, and feed warm or cold 

Those broths, except the chicken broth possess essentially the same 
fuel \alno as beef tea 


Beef Juice (1 irfholow) — Broil qmcklv «ome pieces of round or sir 
loin stoak of a size to fit m the cavity of a lemon squeezer previously 
heated In dippin,.. m hot w ater The jmee should be received into a hot 
eolorol (prcfcrihh rid) wine glass, seasoned to tasto with salt and 
vaaenre pepper, and taken hot 

Beef Juice (Caiitle\) — Chop 1cm licef fine or scrape with a fork 
or meat straper to separate the connective ti sue and put it in a jar or 
With a pinch of salt and enough cold water to coiTr it Allow 
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it to stand from one to six houia, and then sqneezo -weU tbrongb coarse 
rauslm It maj be given alone or mixed with other foods, ivarm 
or cold — not hot It should be warmed by heating the \essel in hot 
water 

Beef Juice (Ringer) — Tahe one ounce of fre&li Leef, free from fat, 
chop fine, and pour over it eight ounces of cold water, add five or mt 
drops of dilute hi drochlonc acid, and to 8ixt\ grains of common salt, 
stir it well, and leave for three or four hours in a cool place Then pass 
the liquid through a hair sieve, pressing the meat slightly, and adding 
graduallj toward the end of the stmining about two more ounces of 
water The liquid thus obtained is of a red color, possessing the tiste of 
soup It should be taken cold, a tcispoonful at a time If preferred 
warm, it must not be put on the fire, but heitcd in a covered vessel placed 
in bo water 

The composition of beef juice la 00 C per cent water, 5 0 per cent 
protein, 0 0 per cent fat 

U furnishes 25 calories lo 100 c c 

Beef Pulp (Cautlcv) — Senpe a piece of raw lean rump or sirlom 
steak with a fork or meat scraper until as much as possible of tho muscii 
hr tissue has been obtaincvl, sopiratcd from the tendinous parts Pound 
It in a mortar to a pulp, and then rub it through a fine sieve Sea 
son with pepper and «aU It maj be taken in the form of sandwiches, 
or rolled up into «niall nssoles and lighllj grilled or fried 

Verv little of the nutriment of the meat is lost m this process 
Egg Albumin Water (Watson) — Take the white of on egg (30 
calories') and to it add twice its own volume of water and strain through 
muslin This gives about three ounces of i clear solution, containing as 
much protein as is found m the average sample of commercial beef 
juice 

This fluid, added to home-made beef tea, makes a nutritive solution 
almost indistinguishable from beef juice and at a fraction of the cost 
while cool in order not to precipitate the proteins 

Egg Albumin Water (Cautlcv) — Take the white of a fresh egg (30 
calorics) and cut it in numerous directions with «ci8iiors Shake it up 
m a flask with a pinch of salt and six ounces of cold water Strain 
through muslin 

It can be made with thin barlej water, and cream or sugar added 
Egg nog — The following recipe makes a glass and one half of egg 
nog 


Egg, 1 large (60 grams) 80 calorics 

Sugar, 1 tablespoonful (30 grams) 120 “ 

Whisky, 2 tablespoonfnls 20 “ 

Cream, 7 tablcspoonfuls 210 “ 
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Add the sugar to the jolk of egg and belt until very liebt Whip 
the white of the egg and then the cream until verj stiff Add the whi kj 
to the jolk of egg and sugar MiswcU Add one half the eream to this 
then one half the beaten white of then the remaining cream, and 
finallj the remaining white of egg AIix lightlv 

Egg nog (Eirtholow ) — Vald « me new milk hv putting it, contained 
in a jug into a saucepan of boiling water, but it must not be allowed to 
boil Beat an eg^, with a fork m a tumbhr with some sugar add a 
des'iertspoonful of brandj and ill the tumbler with the scalded milk 
when cold 

This egg nog mil fumtsk about 300 calories 

Savory Custard (Andtrson) — VJd the yolks of two eggs to a cupful 
of beef tea with pepper and salt to taste Butter a cup or a jam pot 
pour the mivture into it and let it stand in a pan of boiling water till 
the custard is act 

This mil furnish ICO calories 

Egg Flip — Boil or beat thorougblj a teacupful of milk beat the 
white of one to a froth Pour the milk over the egg, stirring con 
stantly Add sugar to taste 

Ihts mil furnish 250 calories 

Caudle (keo) — ^Beat an egp. to a froth add a glass of sherry and 
half a pint of gruel Fhior wilb a lemon peel nutmeg and sugar The 
gruel roaj be made either with water or milk 

This uill furnish from 120 lo I 0 calories according to the consist 
tncy of the gruel If milk is used to make the gruel tl uiU haie a higher 
xalue 

Boiled Rice (U S Army Hospital Pecipc) — Bico one ounce (30 
grams') salt, twenty grams water four ounces Directions — Put the 
salt and water into a stewpan ^hen boiling add the rice, previouslv 
wa«hed thorou„hla Boil for ten minutes or until each gram becoints 
soft Dram it on a colander Grease the stewpan with clarified drip 
pings or lard Put back the ncc Let it swell slowly near the fire, or 
in n «low oven for about twenty minutes until the grams arc well 
separated 

Boiled nee furnishes GO calones to 1 tablespoonful 

Rice Pudding 

Bico 3 tablespoonfuU (100 grams) 300 calorics 

1 quart 700 “ 

Siilt 1 pmeb 

Mash the rice with water Idd to tht milk and cook slowlv on top 
of the store for one hour, or a little longer, until the misturt becomes 
creamy 
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:Nunaiio\ ani> DiLrcrics 

Add 

Sugar 

1 cup (280 grams) 1,148 calories 

Butter 

1 heaping toaspoonfnl 120 “ 

Cinnamon 

nutmeg, or vanilla to taste 


Put jjlfo n djoJi to lot and like jn an mon Jmtil tW top t3 hro»na} 
The 7(hfllr purfdiuff conhvis 5 32 > ralone^i It funuishcs fnc to sir 
porhon^ 

Rice Pudding (Cnntic\) —Cover tlic lx>ttmn of ti dj«h \rjtli clou 
rjco, ncirh fill uJtli milk, and add *wgar, put it in a abu oven for throe 
hours, nnd in the hottest pirt of the oven for fifteen inimitcs 

ith the ludcfimtc etntenient of the amounts of the jjjjjridients, the 
calorie \nhH of this prtpvration cnimot he estimated 

Rice and Egg Pudding (Canllcv) — Tahe tiiret oiinres (00 31 'i 

cnloTical of nee and swell itgtntlv in one pint of new milk ( IIO ciilorir«> 
let It cool, nnd stir well into it one ounce of fresh butter (i30 cnloncs), 
two ounces of powdered sugar (240 calories), the volks oi thru e^gs (IIO 
cnloncal and some grated lemon peel I’our into n wtll Imttried ihdi 
nnd put on tin top the whites of the three eggs (00 calutics), beitou 
with three tnhloapoonfula of powdered suyir (18'» tnloncs) llaU for 
tucnt> minutes until lightlv bnnvne<l 

Ihe Khole pudtlttig ronfatns 1 WO oatonts 

Arrowroat (l*«\v)— Mix thoroughly two tenspoonfuls of nrrowwot 
with three tahlcspooiifuls of cold water, and pour on them half a pink of 
Imilijig wjitip, stirrin,, well mennnlnh if the water is quite IwihUp the 
arrow nwt tliiekem as it is pound on, and nothiHg more is necce«arv If 
onh warm water is used, the arrowroot must ho afterward hoiUd until il 
thickens Sweeten wilh loaf sugar, nnd flavor witli lemon piel or nut 
meg, or add sherry, port wine, or hrnndy, if rtqniri d Roihng milk inuv 
he emploved instcnd of water, but when tins is done no wine must bo 
added ns the milk would curdle 


Cocoa Junket ® 

Cocoa 

J leaspoonful 

50 calorics 

“Miik sugar 

S'l grims 

100 “ 

Milk, 5 oz 

150 c< 

100 '' 

Timkct tablet 



Cold water 

1 oz 



Dissolve the junkit tablet m the water Mix the cocoa nml sugir, add 
the milk, nnd h< at lukew arm, stirnup conatantlv , add the dissoU i d junki t 
tablet, stir thoroughly, and lenvv in a warm phict to set 

This sn't tbe tolU wIhr tMlpeii were [ittWlstied tn the amoriran Journal of Mr li 
cal SflenfM tor Januarj itU® 
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^oft Custard 

Jlilk 

1 cup ( 8 02 ) 

160 calories 

Egg 

1 

80 “ 

Jlilk sugar 

60 grams 

240 “ 

Salt 

a speck 


\ amlla 

2 to 3 drops 


Caramel, made 
of -ranulated 

sugar 

3 tablespooufnls 

20 ‘ 


Beat the egi; slightlj add the sugar salt, and hot milk slowly Cook 
in a double boikr, atimng constanth until it thickens a little (if cooked 
too long the custard uill curdle but m'i> become smooth again if set in 
a di h of cold water aii<l beaten at once) Flaior and cool 

lo make caramel put the su^ai m a pm directlv over heat and bum 
until a lerj dark brown Dissolic in hot water or mtlL 


Flam Junket or Kennet Custard 


Slilk sugar 

2^ grams 

100 calories 

Milk 

5 os ( 150 c c ) 

100 » 

JunUt tablet 

*4 


Cold water 

1 os 


^ anilU 

few drops 


Sec directions for Cocoa Junket 



Baked Custard 

Milk sugar 

40 gnms 

160 calories 

’Milk 

6 oz (180 cc.) 

120 ‘ 

Egg 

Nutmng or 
^aiiilh 

1 

80 “ 

Salt 

a spede 


Bn\t the egg sliclitl' 

1 warm the sugar and milk stirring constantly, 

add tollic e,.!! strain into n ciistnrd cup md da%or Bake in n nan of 

Water iii a niodcrite oven until a knife when cut 
ck m (y_ to 1 hour) 

into It, will come out 

Bread Puddmg 

ililk sugar 

45 grams 

180 calories 

Milk 

r 07 (180 ce) 

120 ‘ 

Egn 

1 

80 » 

Bread 

1 slice ^8 


Butter 

thick 20 grams 

60 “ 

^ oz (15 grsms) 

120 ‘ 
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NUTRITIOlf AND DIETETICS 


Spread the bread avith batter, and cut into squares Beat the egg 
slightlj , heat the milL and sugar, stimng constantly , mix with the egg 
and pour over the bread Grate nutmeg over the top and babe the same 
as custard 


Vanilla Ice Cream 

Cream 

4 oz (120 ec ) 

240 calories 

Milk 

2 oz (CO c c ) 

40 “ 

Milk sugar 

GO grams 

240 “ 

Vanilla 

few drops 


Mix the cream, milk, and sugar and heat, stirring constantly, 

sugar IS dissolved 

Then fl ivor, cool, and freeze 

Cocoa with Milk 

Cocoa 

1 rounding teaspoonful 

50 calories 

Milk sugar 

CO grams 

240 “ 

Milk 

4 oz (120 c c ) 

SO “ 

Cream 

2 oz (CO cc ) 

120 “ 


Mix the sugar and cocoa, coob in the milk until dissolved Serve 
with the cream 


Cocoa 

Cocoa 

1 heaping teaspoonful 

50 calories 

Milk sugar 

bO grams 

240 “ 

Water 

VI 4 oz 


Cream 

3 oz (90 c c ) 

ISO “ 

Mix the cocoa and 

sugar, add the water, and boil for four or five mm 

utes Then add the > 

crevm, or use less and serve 

with whipped cream 

Coffee 

Milk sugar 

60 grams 

200 calories 

Strong coffee 

4 5 oz 


Cream 

2 oz (60 e.e ) 

120 “ 


Milk sugar may be used likewise to sweeten tea which may be served 
with or without cream 


Lemonade 

Milk sugar 120 grams 

Cold water 7 oz (210 c c ) 

Lemon yuice 2 tablespoonfuls 

(or to taste) 


480 calories 
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Boil the sugar and water two minutes Add lemon juice to taste, 
strain, and cooL The white of an egg ma> he added if desired 

Orangeade 

Juice of 1 2 oranges 100 200 calories 

ililh sugar, 50 100 grams 200-400 “ 

Hix the orange juice and sugar and serve in a glass with cracked ice 


PROPRIETARY FOODS 

A great \anety of proprietarv foods are manufactured Practicallj 
all of them are made from common articles of diet, such as meat, egg« 
miUc gram, etc 

Proprietory foods possess no special nutritiso virtues, os is so often 
claimed which are not possessed bj the natural foods from which they 
ato manufactured Neither do they possess nnj mcdiemal value unless 
some drug has been added to them Some propnetarv foods are partially 
digested. The predigested protein fiods ham an nnusuil and often dis 
agreeable taato, and for this rcison lul to stimulate tbo “appetite juice 
Hiero IB uo evidence that predigeateJ protein foods are more completely 
absorbtd than natural foods In fact, they aro likely to cause digestive 
disturbances and diirrhea as \oit long ago pointed out Some of them 
contain alcohol, as much as 22 per cent If such a food is giacn as the sole 
or principal article of diet, the patient is likely to he kept in n state of 
constant eahilarition or intoxication 

Carbohydrate proprietary foods arc said to ha\o been prcJigested 
when a portion or all of the staicli has been converted into sugar (or 
sugars) They arc neither mon tisily digt^ted nor more completely ab- 
sirbcd than the sugar (or sugars) into which the stirch has been changed 
The proprictiry carbohydrate foods in general po scss greater iiutntiie 
value than the protein foods 

As lusk has said the chief value of proprietary foods lies in their 
taste — and this is not always pleasing Some proprietary foods mav be 
useful at times m order to gratify a patients dcsiro for change of flavor 
Some are useful for modifying other foods e pccially milk Few, if 
*uy, of them should ever constitute the sole article of diet, except for 
tho briefest pcriotls or under exceptional circumstances. On account 
of their peculiar taste or Utan c of the lack of adaptation of the 
digostne glands (cf Pavlov), it is always liifficult to giic proprietary 
fiods in sufhcicnt quantity to meet the entrgv requirements of iho body 
Without causing disturhamcs of digestion. Another, and more impor 
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NUTHITION AND DIFTEflCS 


tant, fact is that the dLficlenc^ of \itiinins ni oroprietarj foods has been 
observed to product oerioiis disorders of met iholism, tspecialh m 
children 

The composition of various propnetirv foods is given in the following 
tables 


Analvsks op Solid Mevt Lvintcib* 


K m 

p 

c t 
Uoi 

Pff 

C nt 

T 1 I 
Aih 

p 

c t 
Chin m 

6 d ID 

Chi Id 
i A>h 

Pe 

C t 

T t 1 

I 

t ft 

p» 

T (•! 

M t 

B 

Armours Evtraet of Beef 

2t 00 1 

20 40 

5 47 

2, 

9^’ 

Beef Evtiact Swift & Co 


27 23 

13^1 

1^33 

10 70 

Beef ETtract Coin Special Q 11 Ham 
inond Co 

' 1219 

31 CS 

13 2^ 

1^ 01 

1314 

Extract of Beef Premier Libbv McNeill 
&. Libby 

21 8C 

30 02 

! 

IS 32 

14 93 

9 93 

Liebig s Extract of Meat 

2114 

21 03 

311 

3050 

119’ 

Eex’ Brand Beef Extract Cudahy Pock 
ing Co 

‘>t 50 

24 00 

8 54 

00 12 

nil 


U 8 D«pt of AcmcuUiire B t«aa f Ch isl t r Hull No 114 
tTbe lum of ln*ulubl« and roofulaM pro! In« frolco <■» and roptooH 


Anvi.v«fs o» Fluid Meat Evtbvcts* 


K.„. 

P 

Cn t 
Mo ( : 

P 

C nt 
ToUl 
A<h 

P 

C ( 
Chi 

S rt m 
Chi d 
in A>h 

p 

c t 
Tot 1 
Pro 
f* »t 

P» 

C» t 

Beef Juice Wyeth & Bro 

Concentrated Fluid Extract of Beef 

58 84 

If 21 

6 71 

6 4^ 

5 99 

Armour & Co 

Iv'i 'l .j 

17 '*3 

8 27 

6 70 


Fluid Beef Jelly Mosquera Juliv Food Co 
Fluid Extract of Beef Cibils Co 

68 97 

13 85 

10 Oo 

8Iu 

3 0C 

Importers 

64 C3 

1613 

1133 

10 “>5 

4 ‘>4 

Meat Juice t aJentme b Itfeat Jui e Co 
Rex Fluid Beef Extract Cudahy Pack 

6764 

10 2G 

1 77 

5 63 



6^ 9J 

16 99 

8 4S 

7 00 


Vigoral Armour i Co 

49 94 

15 91 

7 02 

10 75 

6 30 


U S Dopt of Ainlciiltu o Bn ao f Chon I t j Bull N 114 
t Tbe Bum of I luble aod coa^Iabla proM p t « and p pto 


There are various other meat crtracts on thei market but the avenge 
analyses of the different brands are so nearly alike tint the various con 
stituents will not differ markedU from the above figures 
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MlSCEtHNEOUS iREPtRlTIONS (1 Ie«T EXTRACTS JlICES AND Po'VDERs)* 


ntm 

i 

p 

C»at 

T I 

A b 

Prr 

C t 
Cbl Q 

a d tR 
Ihl nd 

F 

c t 

T 1 

p» 

T 1 
MmI 

B 

Bouillon Capsules Eoral Specialty Co 

14 7- 

8975 

29 72 

22 19 

6 93 

Bovnl seasoned 

43 39 

iro9 

8 73 

21 Oh 

6 03 

Beef Jelly ilosquera Julia lood Co 

7«iO 

1731 

8 39 

25 63 

9 24 

Essence of Beef Brand fi. Co 

9093 

134 

0 09 

-07 

1-4 

Predigested Beef 11 R Mulford Co 

9109 

018 

0 01 

119 

0 69 

Soluble Beef Armour A Co 

301- 

14-5 


3 "b 

6Cb 

Bovox Essence of Beef The Botox Co 

6 — i7 

17 2J 

9 73 

16-- 

2 18 

Johnsons tluid Beet 

American Brand Extract of Beef Amen 

4i '2 

9 80 

4-7 

31 75 

3 87 

con Beef Extract Co 

BoTimne Concentrated Bief The Botinme 

27 54 

-4 73 

24 73 

2r 69 

3 59 

Co 

Essence of Mutton The Loudon Essence 

60 40 

165 

105 

1414 

0‘>Si 

Co 

S'* 03 

2 «- 

018 

12 00 

178 

Liquid EooJ Murducic Liquid hood Co 

80 09 

065 

0'>0 

10 89 

0 25 

Maggi 8 Bouillon 

5f sr 

*►1 94 

17 5 

213 

553 

Bcptonitcd Beef Bo e 

Beef Extract end ^ epetablt Tablet 

4313 

352 

1C3 

23 00 

9 89 

Armour i. Co 

ay 20 

23 6f 

1614 

18 87 

SIS 

Lcube Bosenthalg Beef ^otuii n 

Ifalted 2fcat Extract of Beef Ameneon 

7^63 

391 

1 '<4 

1613 

134 

Malted Meat Co 

8 01 

7 67 

3 43 

9S2 

140 


tl 8 D^pt ( Ai^lcult C r<« f Cb ml I r Bull N« 114 190% 
t Tbe * m ( I fol bl t «o p)l bl p ( I *. p (*««»• end p pt set 


The following table gi'ing the composition of meat juices prepared in 
tlo laboratory, illustrates the nutritno ralue of home-made os compand 
With commcninl products Bigilow and Cook ** state that meat juice 
prepared in the home or hospital is far euptrior as a food to the 
commercial meat extracts and so-callcd meat jiiiccs ’ 


Meat Juices Pbepibed in LtBfRiTORY* 


K 01 

1' 

Pot 

C X 

A h 

P 

Cfcl^ d 

c t 

100 1 

Ptt 

C ru 

1 bl 

Bound l-ecf col 1 pressed 

%5”0 

153 

Olo 


8 56 

Bounl beef pres e.1 at 60 C 

oor- , 

136 

015 

1 4 *>5 

Juico extracted from sirloin steak by cold 






pre sure 


0 46 

00- 

1 213 

Juice extracted from beef chuck by coldl 

96 13 j 



1 


pressure after 6 hours at 60-100 C 

9511 , 

0-9 

on- 

1 


r % Dept of Arrl llroDm rafaltyn 

II No 1 

14 ms 




"U {5 n pt of Agncullur II rean f Cl mi 


trr Bull No 111 100% 





144 


NUTJilTION AJny DIFTETICS 


tant, fact is that the deficit Jie> of \itainius in oroprictnrj foods has been 
obsened to produce serious disorders of inctalKilism, fsptciaih in 
children 

The composition of \arioiis proprietarv foods is giren in the following 
tables 


\\AL\siS OF Solid IfetT Ettilicts* 


Kam 

Pe 

Ca t 

U 

Per 

Ce t 

T t 1 

A b 

Per 

Ce t 
CM B 

S d urn 
Chi d 
i A h 

Pe 

Cent 

T t«l 

P 

1 net 

per 

Ce t 

T ! 1 

Jle t 

B s 

Armours Evtraot of Botf 

21 60 

20 46 

5 47 

27 ol 

9..’ 

Beef Extract Swift i Co 

2010 1 

2r29 1 

1351 

15 38 1 

10 (0 

Beef Extract Coin Special 0 II Ham 






inond Co 

12 32 

SI 08 

13 2.. 

1..01 

1314 

Extract of Boef Premier Libby Sfcheill 






& Libby 

21 ec 

30 02 

38 82 

14 

9 99 

Liebig a Extract of Heat 

Rex’ Brand Beef Extract Cudahy Pock 

2114 

2103 

1 311 

3050 

119’ 






ing Co 

26 50 

24 06 

8 54 

2212 

1111 


U B Dep( <it Asrlcultur (tumu ot Cbmltirv Bull No 114 
t Th^ tun of In«olubl« a d oooEulabla pivttlna p o( o as and raplo n 


Anali‘:es of Fluid Meat E^tricts* 


Jf m« 

p 

c t 
u 

1 

P r 
Cent 

Tot 1 

A h 

P 

Ce t 
Chi n 

b d m 
Chi d 
i A h 

P 

c m 

T tel 
^Pf ^ 

P r 

T t * 

B 

Beef Juice Wjeth &. Bro 

Concentrated Fluid Extract of Beef 

58 64 

16 21 

6 71 

C45 

5 99 

Armour i Co 

67 7.. 

172.. 

8 ”7 

6 76 

518 

Fluid Beef Jellj Mo«quera Julia Food Co 
Fluid Extract of Beef Oibils Co 

08 97 

1 

1.. 86 

10 0., 

1 

8 13 

1 

3 06 


64 63 

16 r 

11 38 

■ 1025 

4 24 

Meat Juice Valentine s Heat Jniec Co 
Rex” Fluid Beef Extract Cudahy Pack 

57 64 

10 26 

, 

.,63 

COa 


5.. 99 

16 99 

8 48 

7 00 

8 21 

Vigoral Armour &. Co 

49 94 

15 91 

7 0^ 

10 75 

6 30 


U S Dept of AgTlcuItur B * of Ch «ni t t B iH No IM 
tThe turn of inaol bl« a d coa^Iabl p t In protaosa and pepto aa 


There are various other meat extracts on the mirkct but the aieract 
analyses of the different brands are so nearly alike that the various con 
stituents will not differ marhedh from the aboie figures 
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CHAPTER in 


PRINCIPLES OF TOXICOLOOr 
Frank P UNDErniLii 

Toxicology — Toxicolopj 13 tlic science of poisons In its broadest 
use It IS the science that treats of the origin, nature, properties, effects and 
detection of poisons, and it includes treatment of poisoning The scicneo 
falls naturalh into two dnisions (1) that dealing with the effects of 
poisons, (2) that relating to the chemical identification and isolation of 
poisons From these divisions it is readily seen that the first relates more 
especiallj to physioh/jical action, whereas the latter is pnmanh concerned 
with chemical reactions 

To give a general satisfactorj definition of a poison is n somowhat 
difficult feat NcTtrtheless \anoiis attempts La\t been made, examples of 
which follow 

Hn«einann ‘T7e define poisons as such inorganic or organic sub- 
stances as are m part capable of artificial preparation, in part existing 
read^ formed, m the animal or TcgctaWc kingdom, which, avithout being 
ible to reproduce themselves tlirongh the chemical nature of their molt 
ciiles under certain conditions, change in the licolth> organism the form 
and general relationship of the organic parts, and through annihilation of 
organs, or destruction of their functions, injure health, or, under certain 
conditions, deatroj life ” 

Robert “Poisons are oiganic or inotganic unorganized substances 
onginatmg in the organism itself, or introduced into tlio organisra, either 
artificialh prepared, or readv formed in nature, avhich through their 
chemical properties, under certain conditions, ®o influence the organs of 
living beings that the health of these beings is seriously infTuenced tern 
porarilj or pennanentlj ” 

BIvth “A substance maj. be called a jMiBon if it is capable of being 
taken into anj living organism, and causes bj its own inherent chemical 
nature, impairment or destruction of function ’ 

15i 
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Sollmann “A poison is onj substance which, octin!? dircctlj through 
Its inherent chemie properties and b> its ordinary action is capable of 
destroying lift or of senouslv endangering health, when it is applied to 
the body, e^temalh, or in moderate doses (to ./O gm.) internally 

CLASSIFICATION OF POISONS 

There are at least two wat s in whnh poisons may be classified (1) ae 
cording to their chemical properties (2) according to their plnsiological 
cITtcts From a scientific iiewpoint niithcr sistcm nor a combination is 
entirely ndequite and one must either omit all attempts at classification 
or else be content to classif> poi oiis from the standpoint of practical 
utility onU A chemical classihcation follows 

1 Acids and alkalis 4 Alkaloids 

2 ^letallic poisons 5 \ olatilt organic poisons 

T Gaseous poisons h Miscellaneous poi«on« 

The physiological classification rccogniacs the most prominent s^inp 
toms as tbo basis for division of poison Wordin,^ to this ola sihcatinn, 
uliicli IS that adopted and defined hv boUmano poisons ron> be divided 
into three groat ^oups 

1 Irritants — Tluso produce inflammation, if thev are taken bv the 
mouth, there is pain throughout the alimcntarv canal, \omiting puiginp 
delirium, coma So msnv poisons are to some cTtcnt irritant that these 
svmiitnms are \cra commonly present The irntants can l>c diiided inti 
corrositcs which produce destruction of tissue and stmple irritants which 
di not dc troa tissue If corrosices arc taken by the stomach the vomit 
IS often bloody 

2 Nerve Poisons — Tlicsc act on the ncuroniuscular apparatus and 
include most of the poisons which arc fatal in minuto doses Thev aro 
snbdiiided into conni/sunts winch cause spisms somni/ncicnfa which 
cause sleep and coma, and carduc poisons which stop the heart 

3 Blood Poisons — These i»oi ons alter the hcmOj.]obm or bl<xxl 
corpuscles llic«c inclndi. the toxic gases nitrites, etc. Their action is 
generalh characterized b^ oanosis 


CONDITIONS MODIFYING EFFECTS OF POISONS 

The influence of a poison upon the organism is verv nntcnallv modi 
fied bv a varutv of conditions In general these mav dividwl into t%\o 
great classes ( 1 ) those relating to the poison itself and the manner 
Its ndmmistralion , (2) those relating to the organism itself 
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Poisoii, AND ilSTItODS OP AdMIMSTR\^TIO\ 

Physical State or Form of a Poison — The phvsical stitc of a poison 
Ims a marked influence in inodif>ing its action Thus a poison is more 
rapidly absorbed in i gaseous form than in a solid or even a liquid state 
In order that a substance maj act as a poi«OD it must he capable of solu 
tion, and absorption bj the blood Ifo substance complet'd^ insoluble can 
bo regarded as a tnic poison Barium chlond, which is rcadilj soluble, 
must be regarded as e-^trciuelv toxic, wlicreas the insoluble barium sulphate 
is devoid of toxic properties In fact advantage is taken of this in the 
emplovment of barium sulphate in X ra^ photograpbv m diagnosis of 
gastro intestinal disorders Tbt principle of the form of poison modifv ing 
its action 13 made use of in the treatment of various tvpts of intoxication 
bv means of antidotes, the object aimed at being to change the soluble 
substance to ono m«ohiblo and btnee incapable of absorption 

In general, dilution of a poison tends to favor rapid absorption and 
this in turn hastens and intonsifles the toxic effect In exception to this 
rulo 16 seen m the case of those poisons with a corrosive action These 
have their detrimental influence grtatl> decreased by dilution Poisons 
taken into the stomach in iht form of a dr^ powder may ijot manifest toxic 
svmptoms for hours after administration Usually the larger the dose the 
more rapid and severe are the effects Ihis, however, is not alwavs true 
Thus arsenic in largo doses ma^ act as an irritant to the stomach, causing 
vomiting, with prompt ejection of the poison so that few or no toxic svrop- 
toms result On the other hind a ver^ mtteh smslJer do e, being devoid 
of irritant action on the 8fom^th, allows absorption of the poiton with 
subsequent svmptoms which mav tcrmiinte fatallv the solvent 

containing the poison exerts a marked effect upon its action Thus of 
alcoholic, aqueous or oil> solutions, the first is most rapidlv absorbed, the 
last least so and, in consequence, more prompt and emphatic effects are 
to bo expected the more rapid the absorption Hot solutions are usually 
absorbed more rapidly than told 

Path of Absorption — In general a poison exerts its specific action 
irrespective of the mode of administration In other words, it makes 
little difference through whieli pith the poison reaches the circulation 
The only modifv ing mfliience exerted bv changing the path of absorption is 
the time of appearance of svmptonis which vanes directly with the rate 
of absorption Thuo symptoms appear most rapidlv when poisons are in 
jected directlj into the blood-stream Intrapentoneal and intramuscular 
injection st md next m order followed by subcutaneous and intradennal 
injection 

Poisons are less rapidlv absorbed when taken by mouth The coudi 
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tion of tlie stomacli grcatlj raodifie'^ the rate of absorption A di eased 
stomacli m n markedh delaj the absorption of a poi«on or, on the other 
hand, pro\e higlih susceptible to an irritant poison Food m the stomach 
mav delaj absorption either bj retarihng the emptMug of this organ or 
by changing tcniponnly the ph\sical state of the poison JIanv apparent 
anomalies of the effects of poi'»ons maT be e^laincd in this manner 
Vlthongh it mav be generally accepted tint the path of absorption modifies 
the action of a poison onh m its time relations and docs not alter its 
specific effect yet there are notable exceptions for m certain instances the 
mode of administration matcnallv alters the action of the poison This 
18 particiilarh true of substances resembling proteins, hence capable of 
alteration by the digestnc inzsines bnake senom bv mouth is cntireh 
harmless c\cn though highly poisonous when it gams direct entrance 
to the blood The same is true of the toxic proteins, ricin and abnn, and 
\anoua bactcrnl toxins fall into the same class 

Poisox ixp Its Relvtion to the Oroufissi 

The most important conditions residing in tin, organism that modits 
the setioii of poisons arc (1) ugi (-) idiosyncrasy (3) habit (4) rol 
erance, (5) phisical state of the inJiMdiisI 

Age — Is might bo assumed the age of an mditiJuBl Jutmctlv modi 
fits susceptibility to poi on Although as a nik the younger the in 
dividual the grtsttr the susc* ptibilitv then, arv mans notable exceptions 
Tims, for exampk ihildrcn an relalivelv less susccptibU to the action of 
stnchniu Ulhdoniia, and calomel Convetsoh voung chilJnn are par 
ticnlarlv susceptible to the actum of opium and its constituents and th 
same mav be said of the other narcotic dnign In old age poisons mav 
react with unusual scvcritv imlitating a redmed resistance 

Idiosyncrasy — The terra idiosvncras' is applied when an individual 
exhibits peculiar unusual reictions to certain poi ons Lack of knowl 
edge of this peculiar per«oual sU'ceptibilitv or tolcnnec mav result in 
senous disturbuiccs in bodiU function or even terminate in death In a 
pven case of poisoiiin,. the possibilitv of this di tiiictivc chnricteri«lic 
shfuld alwavs be taken into eon<*ideration Idiosyncrasy mav lic inani 
feated townnl a large number of siilxtinces some of winch are ordinarily 
now toxic BO that tins uniisnal •eusitivtiii'-s mav in \iotli qualitativi and 
quantitative Ihis fntiirc is brouglit mto proininenet m different m 
dividiials isfseinllv In morpliin calomel, ar«.mc, merciirv antipyriii 
eocnui etc 

On the othtr hand in some individuals a dnig will induce an effect 
exactlv oppositi to that u«uallv prodneed Thus morphin will cause wake- 
fulness insfend of sleep or m larger do-^w connilsions simulating those 
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of «tr\chmD ^1111% individml*! react T\tth «Mup(oins after eating 

or «!mclhug of a hrgo varietx of sul»stanec«, «uch as lobsters and other 
shcllfl^b, boEe^, vanoos fi«h, eggs, mutton, strawberries, sewer gas, mii k, 
smell of animal , and odor of flowers. 

Habit — Rcpentetl ninll do es of a poism gcnemlh ]c< cn the effect 

graduallv increasing the initial small dcwe of a poi«OD rebtivelv krgt 
do«es mi% bo tiben without evidence of tovic sMnptom« Habitual njor- 
pbm users are pertinent evamples Ten lirge do-^w being iieces ir\ finallv 
to produce the desired effect Again m certnm parts of Europe arsenic 
eitiug is uotoriou , liugc quantities being taken duh ^^bethe^ m the 
cise of morpbm the oiganism deiclops an ability to ovidize the drug to 
an unusual degree or whether the ink tine acquires a resist-mce to aK-orjv 
tion remains ludecisne at present. So far as arsenic i& conccroed the 
a sumption has been made for nian\ \e‘ir3 that there was a gniduallv 
increasing re^’i&tauce to it» effects. Yen recenth, however, it hss been 
«bowu that the apparent habituation to ar-enic nni perhaps, in part at 
loi5t be a-enbed to the qualilv of the menic oou-uiucd Thus when 
anenic made up of smill cnstnl-^ or powdered, was inge ted, touch 
mailer do ea were needed to product toxic effects than when larger par- 
ticles wen. introduced From this it would appear that the whole matter 
mav be explained on the basis of «oliibilitv of tbc arsenic, the powder or 
small crvstal king inucli more rendih <olnble, hence more rapidlv fik 
sorbed, than the larger, coarser, crystal 

This tolerance to poi«oii3 acquired through habit is not absolute, since 
generallv toxic effects and even death niaa be induced ba «lighth exceed 
mg the limit of habituation It is this fact that largcU explains the 
death of the habitue of luorpLin and of other similar poi-ons Habit, 
however, cannot be acquired with all drugs, for autimona or mercun, for 
example, cannot be taken long with impunitj" eien in relatireh small 
do es 

Tolerance — Certain indnidiials exhibit a veri iioteworthv resistance 
to the action of certain poi»on« This resistance or tolerance is natural 
not having betn acquired br habituation but it is rarth absolute o that 
It can hardh he regarded ns a natural immuniti Thus "onie pcr«oii3 are 
capable of taking large doses of morphin without aii^ apparent effect 
The exphnatiou of this peciiliaritv is not clear In ^omt iu«tances it 
maa he due either to non ab orption, rapid ehramntiou, unusual abilita 
to neutralize or destroy the poi on or to anatomic peculiarities. In ome 
instances none of these ha potlu 'es «eems> to hold 

Disease — Pathologic il conditions in the bod^ innv very iiaturallv 
influence the action and effects of poisons. This modified action mav be 
manifested as an increa'^d susceptibilita or the effect mav be greaflv 
diminished Those conditions that influence ab-orption and excretion plav 
a particular role in this respect Renal disease, for example, increases 
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the n^ccptibilitv to ar^nic and otlier dras In paralv-i^, strTchnin acts 
lc«« Tpadilv In dehnom trein*»ii3 and in tiose '♦atea where 

mteiijc pain en ts, the power of morphia i diminuhed whereas m con- 
diUoas pnmanlr a.joaated with the nervon* «t tern, a in infiammatorr 
conditions of the tram an incrca ed fU'ceptibilitv mav be noted. In in 
lanitT with mani.cal eharactcri-tic» and m conml lonjwnarrotic- mav be 
aliao-t without infiaence Exhau*tion tend to increaw* sn«ceptibihtv 
General redaction of vitalitv from whaterer canse n-uallv means a lowered 
resistance to poi*ona. On the other hand leep perhaps owing to le««eDPd 
fanc*irnal actiritT has a tendencx to dimici h or at lean to re ard the 
action of joi>on— 

FATE OP POISONS 

\fter alMiption poi«oni rapidlx leave the blood nnle^ indeed thev 
combine with the constituents of the blood and ehanse ila charactcnstics 
either teraporarOv or pennanentiv In general however, poisons remain 
m the blood for a comparatirelv hort tune I^^ing eicreted throoch the 
una< saliva bile sweat and feces. In certain imrtances more of the 
poKon ts eliminated bv the feces than bv the nnne lead, for example 
lsT,aIlv, lowever most of the poioin pa.'es bv wav of the renal patL 
I^ -ors are prompth eliminated from the lodv but are depo»ited in all 
the principal organs and ti *oo« Id general the liver contain, the greater 
amount of stored poison, the amonnt deposited m the other organs rarv 
i&s with the tvpe of poi<oa. Ga^us poisons are not deposited but are 
promjtlv excreted bv the lung* 

far as one mav jutb*" a poi-on depo-itcd m an organ enters into 
seme chemical combination with the ccUnlsr enn tituents and while 
thus deposited mav be regarded as vntboot pccial drtnmcntal eCect. 
Graduallr this combination di ropis and the poi«on is thrown into the 
g*n**-al cirenlation, injnnng sensitive tismes in its passage to the ex 
cretorv organs which indeed, mav snffer injurv roScicnt to cause death. 
L suiUv inorganic pii«ors are eliminated from the unchaerred the 
orcani m Icing ucxbli to alter them. On the other hand, the natural 
re»poajc of the lodv is to change or ciodifv the poi=on prior to elimina 
tion. lfo*t of the organic poi«ons are altcrci m pis..age through the 
Ivjv bv combination with con itncut. of the bodv or bv undergoing 
ondatioD hvdrolvs s or other similar tram formation. 


S7HPT0MAT0L0CT OP POISONS 

There are certain out tasdinz featUTC* in poiv»niEc that mav be of 
valoc to the phvtjciaa in diagno»»_ The«e rvmptoras are general and 
tlthonc*! thev dj r/ot indicate •pacific poisons their prince or al'-cnce 
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excludes certain po'^sibihties Special s>mptoms relating to specific poisons 
will be considered under individual poisons 

Nausea, Vomiting and Purging — ^Vben these suddenly appear m a 
normal individual, it is indicative of the presence of a gastro-mtestmal 
irritant or of the onset of aoinc acute di«ease ilanv poisons, espeeialh 
metals and food poisons, are cbancterired b\ initial svmptoms of nau ea, 
loniitmg and purging If the history of the case agrees with the pos 
sibilitj of poi>oning, measures should he taken at once to assist the hodv 
ID its efforts to nd itself of the noxious substances. 

Vasomotor Disturbances — 1 he effects of poisons upon the vasomotor 
centers is indicated by the fact that manv poisons lead to marked changes 
m the skin The color ina\ be pale or the natural color may be much in 
tensificd and urticarial rashes are common Heart action and respiration 
miv he markedly modified m cither direction 

Cerebral Symptoms — The influence of poisons upon the cerebrum 
lead to stupor or coma or maj produce convulsions, illusions or hallucina 
tions Thus, hallucinations ood temporarj delusions mai follow the use 
of salicilic acid and stncliniu mav cause convulsions Stupor and coma 
maj he induced by narcotics or may be due to alcoholism or cerebral 
hemorrhage 

Temperature — The temperature changes m poisoning have not been 
siifficienth studied to make definite tafements conccmiog them Certain 
It i« that usualh changes in temperature must be regarded as secondan 
effects rather than specific effects of jKiison Some poisons, like cocain 
ID large do»es, mav eleiate temperature, hut usually in poi oning the 
temperiture is either normal or is low, m some instances being as low as 
05° F 

Pulse — Generally in icute poisonmc the pulse is quick and feeble, 
the extent to which this is true being determined bv the degree of shock 
that maj he present Poisons that have a specific action upon the respira 
fory center maj mflueuce the pulse onlv sli^htlv, if at all, and the pulse 
mav continue with a good tone for some time after respiration has ceased 
Respiration — The most common effect of poisons on the respiration 
manifests itself in dyspnea, which maj he due to mechanical obstruction, 
as in edema of the glottis from local action of a corrosive poi on, or to 
paralysis, as m chrome lead poisoning, or to muscular spasm, as m poison 
ing with strychnin, or to direct action on the respiratorj center, as may 
be observed with some poisons of bacterial origin Cheyne-Stokes rtspira 
tion marks the approaching termination of many cases of fatal poisoning 
Motor Disturbances — Motor disturbances are so chancten&tic m 
certain instances that they lead at oneo to a correct diagnosis In lead 
poisoning the uTist-drop is sufficient to arouse suspicion tetanus due to 
strychnin poisoning is quite peculur and the mjdnasis of atropin poison 
iDg 13 characteristic Retention of urme occurs with narcotic poisons, 
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spinal o^stom, iirtmin, etc llie symptoms of arflcnic poisoning and those 
of cholera morbus nro \orj similar One innj rciulilj mistake apoplexy 
or uremia for opium poisoning llie resemblance bctwcLn the sj-niptoiiis 
of strychnin poisoning and tetanus is \er\ close 

111 acute poisoning a careful examiiintion will man} times enable the 
plnsician to make an imraodiatc accurate diagnosis I sidoiiccs of co^ 
rosion on the lips, tongue, moutli and throat lend one to suspect that a 
(.orrosuc poison has been taken Chloroform, cnr!>olic ncid, potnssuim 
c^amd and other odoriferous substances nm he detected on the breath 
and examination of the aomitus and e\eii of the ftccs ina} reveal important 
evidence The urine is of considerable importance m examinations of 
this kind 

Tlio long-continued use of sulphoiial or tnonal giv cs the urino a red 
color from the priacncc of lioinntoporph}r!n winch innv be identified hv 
the spcctroscopi Jletln lent blue imparts n grten color to the urine, 
and autipvrin and fuchsm cause it to assume a red line lu santonm 
poiaoiung the fresh urino is normal in color but upon being made alkaline 
turns bright red The urine turns dark green with phenol and crcsol, 
tlio color deepening on standing Qmnin mo} cause hcmoglobinuna winch 
also results from the mlialitioii of arseiiiuratcd lijilrogen rotassnim 
chlorate induces motliemoglobin, and blood in the urine mav follow the 
admimatration of anj geiuto-unnar} irritant «ucli as cniitliaridi.s or tur 
pentine Phoapliorus, mcrcur} or lead ina} give the urine a brown or 
grociiiali brown color 

Chronic poisoning is even more difficult to diagnose than acute poi on 
nig, because the s}mptom3 arc iisiialh not sullicicntl} definite to nronso 
the snspioions of the phvsiciaii 

There, arc no definite rules to establish ft diagnosis of poisoning dur- 
ing life except b\ chemical niialvsis of some of tin, excretions of the bodv, 
such as urine, feces or vomitiis Aii} drink, food or medicine suspected 
should be subjected to nnnlvsts also In no other wav is it possible nb»o- 
Intel} to difftrontiatc between the 8}iiiptom3 caused bv disease and those 
induced bv poisons 


TREATMENT OF POISONING 

Each type of poisoning requires specific treatment In many m 
stances, however, the poison taken is unkiiowoi and it is therefore essential 
that general rules of treatment be established These are (1) removal 
of the poison, (2) administration of antidotes, (3) svmptomntic treatment 
Removal of Poison — The measures taken will depend upon the site 
to which the poison was applied If the skin or mucous membranes ore 
conctrned, tho best agent for removal of the poison is water copiously 
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applied This application not onlj dilutes the irritant agent but washes 
the site free from it If the poison is not fretls soluble in water (for 
mstancL, cirbolic acid), alcohol ma^ be employed Chemical antidotes 
ma^ he added to wash water — thns for acids soaps or hninient calcis 
for alkalis lemon juice or vinegar U should be pointed out that strong 
acids or alkalis should nr\cr be ii ed in the treatment of irritant poisons 
After the Bite has been tboroughU freed from the toxic agent it should 
be eoicrcd with a lilaiid oil or sihp 

"Mo^t poisons arc taken b\ mouth hence, in treatment, the stomach 
should he emptied as soon us possible unless indeed sufficient time has 
elapsed to make this proceilnrc useless On the other hind, it is ahva\s 
a good plan to follow, since the cleansing of the stomach aids greath in 
rno'it ea cs of poisoning There arc onls a few instances of poi«oning 
wherocmptMiigthealimcntan tract iscontra indicated The most notable 
of these 18 m strjehnin poisoning and hi extensile corrosion of the ah 
mentan canal In cmptving the stomach two tipes of procedure mii Iv 
followed the adraini«trntion of emetics and latace Lmctics oro too t 
CQSilv given and have the adv mt ige of not ciusuig 8lnig,,linc on the part 
of the patient If possible however lavage emploving the stomach tube, 
either through the mouth or iio«c is to be preferred since it cleanses tin 
Btomacli more tliorouglilv and al o permits the introduction of clieinied 
antidotes "Moreover, it is loo diprcs«iiig to the patient and must be 
cmplnvwl when poisons have been taken that inhibit the vomiting center — 
for example chloral or iiiorphin 

If emetics are administend repetition should l>e practiced at intervals 
of from lu to 30 minutes if neeessarv \pomnrpliin ( . mg [grain 
1/16] ill 1 per cent svliition = re ) suliciUancousK is verv rapid and 
erectile in its action htiC lias o di tiiietJv depres in„ iriiliience Its great 
advantage lies in the fact that it is the onlv emetic that cm be given 
hvpodermicullv and it is pirtirtilttlv ii cfiil when resistance to treatment is 
offered Copper sulphate or zinc sulphate are safe and efficient emetics 
CopiKT sulphate is jHirhaps more cITcctHo than zinc sulphate but it is 
alv) more irritant Both produce a minimum of depression Thov should 
not b( einploveil when irritant poisoning is under tre itment The dose 
of zinc sulphate is 2 grams in a gla s of water for copper gram at 
oni^, or three do os of 0 3 gram fiftetu minutes apart If vomiting dois 
not occur, the ct'pper salt should be removed bv Iwngc In imergencic 
a dess rfspoonfid of ground stirred in a cup of ftpid water ma> 

Mrvi 03 an effieieut emetic \t times it is do inible that the entire all 
meiitnrv tnict be cKansed and for this purpo-s cathartics should Is. im 
pi vid Thev need not K given however vintil the most acute vraptoms 
bavo sulisnli'd Tlie siluic cathartics arc to be reeummcndi'd for this 
purpose oily cathartics m general should U. avoided Enemas are of 
little value 
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Administration of Antidotes — ^An antidote neutralizes the action 
of a poison either bv changing its ph>8ital state or its chemical composi 
tion, thereby preventing its action or retarding its absorption Since the 
compounds formed b> administration of antidotes m ij be oulv slightly less 
toxic than the original poison or may become poisonous b\ remaining in 
the stomach, the gn ing of antidotes should be combined vrith lavage or 
the administration of emetics If lavage is practiced, the antidotes mav 
be added to the wash vvattr, if emetics are used, antidotes may be ad 
ministered botuten the intemls of vomiting In general antidotes should 
be given repcitedlv at short intemls In the selection of an antidote care 
should be excrei«ed tint it be as harmless as possible and that the substance 
resulting from its action is prncticalh inert at least temporanlv 

Some antidotes, like ran towS milk, boiled starch or flour, which 

mav be given in quantities as desired, act either by combining with lie 
poi«on to form an insoluble compound — for example, eggs in the ca*e of 
metals, especiallv mtreurv — or by enveloping the poison temporarily m an 
impenetrablo membrane, hence le sening absorption, accomplisbod in part 
bv delaving the exit from the stomach In the case of irritant poisons 
these antidotes al^n tend to d/av inflammation 

One of the most valuable antidotes is tannin which acts as a precipitat 
ing agent This mn be employed in Ibe form of very strong hot tea 
which mav bo given ad lihttum Alcohol dimmislics its efiiciencv since 
the precipitates formed are, for the mo«t part, soluble in alcohol The 
following antidotes vv ill bo found u«ofuI against specific poi'ons Ulahidd 
potso7i» — fifteen drops of tincture of lodin in half a glass of water 
Bartum- — either sodium sulphate (Glaubers «alt) or magnesium sulphate 
(Epsom salt ) Oxalates — calcium, cither in the form of chalk, hmewater 
or whiting Phosphoi ^ — copper sulphate or old turpentine Acids — 
weak alkalis, such as chalk baking oda, soap burnt magnesia AllaUs — 
Weak acids, such as vinegar or lemon juice Alkaloids glucosids and 
phosphorus — -antidotes for these poi«ons are oxidizing agents which tend 
to oxidize and hence to nullifv the action of the poison Potas«iiim per 
inanganate, about two grams of the crystals in n gla'»s of water, repeatedlv 
given if vomiting occurs or at 7ca«t a liter of a 0 05 per cent solution 
In no case should anv undis>oIved crystals be administered For hydro- 
cyanic acid poisoning potasMiim permanganate, hvdrogen peroxid or 
sodium thiosulphate mav be employed 

In treatment of poisoning the hvpodermie administration of anti 
dotes is sometimes useful thus for hydrocyanic poisoning sodium thio- 
sulphate mav be emploved and sodium carbonate mav be injected to 
counteract the action of acids After poisons have had opportunity for 
ah orption attempts to hasten elimmahon are sometimes made The re- 
sults have not bwn highly successful At times, however, some of the 
measures to be emploved are of ralue It is of cour«e evident that stimu 
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lation of tlie renal function ivill undoubtedly aid in ridding tlie bodv of 
pomn In choosinj, a dniritic U bmild be rcineinlx;red that water !« 
the Ix-St diuretic knoMn It should be gircn m largo \oIuint3 from four 
to eipht httri m t\\ent\ four hour* if munmini bincficul results an 
to be reilized Ihpodcrmjc injtetion of 0 9 ptr cent solution of sodium 
chlorid repeatedh p\tu m liter <|uintttiea will also increase nriinrv 
excretion Intrnenous infusion of the amc solution may at times be 
cniploied \ciie3ettion ini\ be of value in some t>pcs of poi'oniug but 
the blood drawn (up to a liter) should be replaced immcdnteh In iiu 
ciiuil or doulile volume of isotonic salt solution 

Another class of antidofis is the so-calUd group tenned physiological 
antidotes or plufiiological antagonists The c antidotes do not realh 
nullify the eflicta of thtv meixly ms h the svmptonw producid 

Thij arc cmplovcd only againut absorlsd poi oiis ind tend to combat 
the symptoms produced bv aroiisiti^ the opposite action In this wsyr they 
sometimes an of value in camnu tin patient over a critical pi nod and 
aid in convening life Niinc of the phvsiolngical ontaponivnis are atropiii 
to piloiarptn catfoin to morpluii, strvcbmn to meotin, chloml to strychnin 
atropm to morphui, cblorofonn to strveUntn etc 

STtoptomatie lYeatmant — In most c»sts of poi«onmg, svmptnms pro* 
duced bv the absorlicd poison are the most dangerous and the o should 
reteivt attention from the lNp.inuing of the treatment One of the hrst 
functions to fail is the rospintion Trcatmmt to sustain respiration 
should not bo dclivod until respiration Ins actually cea od but reflex 
stimulation of the rcspintory center should 1>e begun as «oon as nnv cei 
deuce IS givin of the ucahening of nspiralion Tor this purpo e use 
iiiiv Ik nude of irhii! ition of ainmonij vvattr or ■<melling jlt« or ad 
ministratinji of aromatic spirits of nnnnouia (half i tcavpoonful in a 
glass tjf water), whipping with wet towel* mustird plaster* etc. Or if 
desired ap nts to act directly upon the respirition may lx emploved such 
as hot colTie, atropm (0 OOl gram) or strychnin (0 002 gram) If none 
of thi.«emcasiirts is ctlectnal artitieial respiration should l>e praitictd in a 
maiuif'r to avoid mjurv to the liiiigs 

In icrtnm tvjies of asphvxialing gns such ns CO oxvgen inhalation 
alone or inhalation of oxygon wiUi small percentflgiv of COj ninv be of 
benetit 

In Bttempiing to stimulate tin poi«onoil heart intraienous infu«ion of 
isotonic salt solution alone or with the addition of epineplirin (1 100 000) 
tnvv W of I due Dilntation of tlic heart miv \)e rilieved h\ Mueseetion 
The patient should lx kept quittlv in Ix'd nolmg preiented bv npplici 
tion of heat pain cvintrollrtl bv anidvne* rmvuiNions etiunleracted by 
chloroform and ooiui eouiWicil bv stimulants such us coffee or atropm 
lor i>oi«nnmg cans the following auggistion be bollioann is higlilr 

raeoDimciided 



164 PHINClPiJ:S 01 roXICOLOG\ 

Administration of Antidotes — antidote neutralizes the action 
of n poison either clmiifcing its physical state or its chemical composi 
tion, thercb} prcaentiug its action or retarding its absorption Since the 
compounds formed In administration of antidotes may be onl\ slightly lc«3 
to^ic than the original poison or mnj become poisonous ba remaining in 
the stomach, the guing of antidotes should he combined ivith lavage or 
the ndmiiiistratioii of emetics If lavago is practiced, the antidotes mav 
be added to the wash water if emetics arc used, antidotes ma^ be nd 
ministered between tlie intcnnls of \omiting In general antidotes shonld 
be given repoatedh at short intervals In the selection of an antidote nrc 
should be exercised that it ho as harmless n<« possible and tint the siib^tauce 
resulting from its action is pricticalh inert at least tcmporanlv 

homo antidotes, like raw og^ , neaen milk, lioilcd starch or flour, which 
mav bo given in quantities as desired, act either bv combining vritli the 
ponon to form an insoluble componiid— for example, eggs iii the ease ol 
metal'-, captciallv mcrciirv — orb} emolopiiig the poison tcmporanlv man 
iinpciietrablo membrane, hence lessenitv absorption, aceomplnhcd in part 
bv delating the exit from the stomach In the ca«e of irritant poisons 
these antidotes also tend to nllav inflammatien 

One of the most vaUnblc antidotes is tannin which nets us a prccipitnt 
iiig agent Hus mav be employed in the form of verv strong iiot toi 
winch mav be given ad libitum Alcohol diminislics its cfficicnov since 
the precipitates formed arc, for the most part, soluble in alcohol Ihc 
following antidotes will be found useful against «pocific poi ons Ulaloidal 
poisons — fifteen drops of tincture of lodin in linlf a glass of water 
Panii»i*^ithcr ■vodiiim sulphate (Glauber’s salt) or magnosmm sulphite 
(Epsom salt) Oxalates— i. ilcumi, either iii the form of chalk, hmowatcr, 
or vvhitmg PAosp/iorw*— copper sulplmte or old turpentine Acids — 
weak alkalis, such as chalk, baking sod i, soap burnt magnesia Allalts — 
weak acids, such as vinegir or lemon juiee Alkaloids glncosids and 
phosphorus — antidotes for these poisons are oxidizing agents which tend 
to oxidize and lienee to nullify the action of the poison Potassium per 
mangauate, about two griins of the ciystnls in a glass of water, repeatedly 
given if vomiting occurs or at least a liter of a 0 0 * per cent solution 
In no CISC should any undiasoJved crvstals be administered Por hydro 
cyanic acid poisoning potassium permanganate, hydrogen pcroxid or 
sodium thiosulphate mav be emplovcd 

In treatment of poisoning the hvpodennic administration of anti 
dotes IS sometimes useful thus for hydrocyanic poisoning sodium thio- 
sulphate mnv be emplovcd and sodium carbonate may be injected to 
counteract the action of acids After poisons have had opportuiiitv for 
absorption attempts to liastcn elimination are sometimes made The re- 
sults have not been highly anectssful At times, however, some of the 
measures to be employed are of value It is, of course, evident that stimu 
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strated even on microscopic i^amination, for it affords an opportunitv 
to determine whether death can he ascriLcd to natural causes In the 
event that the organs and tissues reveal no pathological aspects, suspicion 
of poisoning is even more firmly established 
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'Antidotes for First Aid — ^Eier> pli>fiician should keep the 
following antidotes together m a special satchel (‘Antidote Bag’) so that 
they cm be readih traii'sportod The dose should ht urittcn on each 
container Am^l nitrite pearls, apormorphm tablets, 2 mg , atropiii 
tablets, 1 mg , enffem sodium lienzoite, cliloroforin , cocam h^drochlorid 
tablets, 0 01 gni , tmeture of lodin, copper sulphate, powdered, hme 
water, magnesia, calcined, potassium permanganate, 1 per cent solution 
(to be diluted twont^ times), sodium sulphate, spiritus ammoniu ato- 
inaticus, str\chiun sulphate tablets, 2 mg , whisky , al«o a hjpodcrmic 
s\niigt m good order, aud a stomncli tube with funnel The following 
■should be demanded at tlie house of the patient boiled water, coffee 
(strong, hot, and black), eggs, hot water baga, milk, mustard, salad 
oil, salt, soap, starch, boiled, tea, \megar” 

In criminal cases of poisoning the physician should carefully note and 
record the sj-mptoms obber\cd and take possession of anv suspected sub- 
stances such as medicine, food, drink, and he should also preserve romitiis, 
urine aud feces In the eicnt of an nutopsv wlicre a chemical analysis 
IS anticipated it is desirable that the chomi&t be present In this wa> 
much more sitisfactor^ correlation mj^ be obtained in tracing the origin 
of tho organs than if thov arc deliver^ to the chemist b} the physician 
Moreover, the chemist will alao be able to testifv tbat the vessels contain 
lug the oigvns aud tissues arc chemically clean 

In man^ instances it is deemed sulfacicnt to csamiuo the stomach and 
intestines for the presence of poi&ous Ibis, however, is not ade(iiutc 
practice In addition to the tissues mciitioued, portions of nil the pnn 
tipal oroUDS, including the brain, cord and urine of bladder, should bo 
Secured, especially if the nature of the poison is unknown In the event 
that a quantitative estimation of the poison is culled for, the total vveitihts 
of the organs selected should be determined The various organs and 
tissues should be preserved in separate ve^<*el8 without addition of anti 
stptics aud the chemical csjmmntioii should be begun as soon as po 
siblt after the autopsy, although in most instances poisons do not rapidly 
disappear from the body after death On the other hand, poi&ons that 
are gaseous or readily volatilized may disappear very rapidly after diath 
ihe autopsy itself may not reveal the ciuso of death Indeed, in most 
cases of death by poisoning, tho autopsy fails to show the cause of death 
In this event cliemical examination is relied upon to furnish the proof 
At times even this fails, for the poison may have been largely eliinmattd 
and exist in any particular organ m quintities too small to be dctcctid 
by present-day methods or it mi\ be d poison for which there is no 
specific chemical test In most instances, however, the chemical examina 
tion may be relied upon to give the desired information 

Tho autopsv is of grtat value in suspected poison cases, aUhoUoh uo 
evidences of poisonous action on the organs and tissues can be demon 
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strated even on microscopic examination, for it affords an opportunity 
to determine whether death can be ascribed to natural causes In the 
event that the organs and tissues reveal no pathological aspects suspicion 
of poisoning is even more hrmly establi bed 


REFERENCES 

Bastedo ilateria lledica, 2d ed, W B Siunders Company, 1920 

Blyth Poi ons Their Effects and Detection, 5th cd, Van Nostrand 
Company, 1920 

Buchanan Forensic Medicine and Tovicoli^, 8th ed E and S Li\ ing 
stone, Edinburgh, 1915 

Cushuj Phamiacolog} and fherapeutica, or the Action of Drugs 7th 
td , Lea A Febiger 1918 

Kobert Lehrbuch des Intosicationen, 2d ed Stuttgart, 1902 

Kunhel Handbuch des Tovilcologie Jena 1S99 

Peterson and Haines Legal Medicine and Tozicologj, ii 2d ed 
W B Saunders Company 1923 

^ollmann Manual of Pharmacolog} 2d td , W B Saunders Companv 
1922 

itthaus Manual of loiicologj, 2d cd-, Wm. ood d. Company, 1911 



ClIAPTFR IV 


TIIF PRINCIPLFS OF MEDICAL CLIMATOLOOT 
llENr\ SrwALi, 

Scope of the Subject — In its pbjsicnl aspect^, climnfc is dctcrmincil 
bj thtf facts of mctcorologv, or science of the atmosphere, and this in 
turn 13 inseparable from physiography, uhich pert mis to the structure of 
the eartli, and the distribution of its various features According to 
Ilnnn, ‘ by clmnto wg me in the sum total of tlic meteorological phenomena 
that characterize the aicragc condition of the atmosphere at an\ one 
place on the earth’s surface Hint which wo cal! weather is only one 
phase 111 the 8 iiccc« 8 iou of phenomena whose complete cycle, recurring 
with greater or less umformit\, every \car, constitutes the climate of 
an\ locality Clmaie is the sum total of the ueather as usually cs 
pcpienccd during a longer or shorter period of time at nnv given season ’ 
But in ordinary usage the word cUmale incvilnbly suggests a rcla 
tion between the phvsical conditions of earth, air, and wafer to bo found 
111 any phee, and the sensations and activities of man 

The vital relations of the phvsical elements of climate are well illus 
tratod 111 the distrihiitioii of the various forms of animal and plant life 
Man himself, through Lis nbilitv to mnhc fire and clothing and to com 
mand food, has been able to ndnpt himself to the widest ettrcnics of 
climatic conditions 

■WIicii a plant or an animal lloiinslica m n given locality, its orgins 
and functions are said to lie adapted to the conditions there found To 
a great extent such forms, or tlitir descendants, may he brouglit, by grad 
ual change, to live in a totally different environment 

This adaptnbilitv of living boinirs to widely different external con 
dition«, through which forces which were once destructive become again 
conservative of life, depends upon a physiological reaction of the living 
organism to the influences acting on it The ph\aiologKal reaction of 
protoplasm to internal and external agencies determines the nature, the 
distribution, and the evolution of all forma of life 

As vio view the races of men in their habitats, from the poles to the 
equator, it is obvious that the differences lietwecn them are more or less 
dependent upon adjustment to their various cmironments Tins ad 
1G8 
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justmcnt involves not onl^ tlie externals of clothing, the struggle for food 
and the general habits of life, but strikes into social and moral relations 
and results in anatomical differences at least of form and color What 
may be called jiliysiologxcal climatology seeks to determine what are the 
vital reactions esptcially evoked in various climates what functions of 
the bodj are specihcallj stimnHted or «ootbed and wbat may be the 
effect, on the organism as a whole of anv detimte climate Human history 
IS still too brief to enable us to certify whether limitations cf physiolog 
ica\ adaptation rigidly restrict the geographical distribution of a given 
race of men without fundamental change in their etlinograpbic characters 
Caucasian peoples are rapidly claiming the whole earth, and it is a mat 
ter of urgent moment to learn the natural adaptations they must acquire 
to lonserv e best their preeminence under new conditions 

Until recently the problem of physiologic adaptation to climate has 
been inextricably confused with the incidental effects on man of the 
climatic distribution of pathogenic microorganisms While the white 
man has acquired a certain decree of immunity against the infections 
common to temperate zones he is so susceptible to the disease ptovokin* 
organisms teeming in the tropics that no fair opportunity has been al 
lowed for his normal development in such r^ous The mi^ritions of 
the white race have been limited by the geographical distribution of 
patliogenic protozoa, and of certain insects which serve as their inter 
mediate hosts 

The extraordinarv demonstration m Cuba the Philippines and the 
Canal Zone that the infections winch bad threatened the lives of strangers 
m those regions are rigidlv under control of Sanitan Art for the hr t 
time gives the immigrant opportunitv to adjust himself to tropical eon 
ditinns Enough lias alreadv l>cen learned lhrnur,!i the health reports 
from such localities to make it probable that morbiditv and mortalitv 
among hcalthv adults at least are not essentially increased or acculerafed 
In residence in tropical climates \a CIcmow sivs Many — almost 

the majonti — of the ordinary infective fevers are moat prevalent in 
the cool and not the warm season of the vear’ In temperate diraates 
tho transmisaion of the most important infections depends more or less 
upon the intimacy of contact between the sick and the well and the 
application of hygiene involves a regulation of sociologic relations 

Millie these views of climatology have a broad biaring on ethnogeny 
and eugenics interest is especially conterntd with the influence of climate 
upon the sick man or as an environment antagonizing the inception of 
disease \s the welfare of the bnman bein„ m bis conflict with disease 
dependa in genera! on plnsiologicil reactions which lead to development 
of compensations adapt itions or antidotes within the organism it is 
obvious that the study of medical no less thin physiological cltmnfologij 
has to do with vital reactions to climatic conditions 
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The first step ‘<hould affonl i comproliciisue mcw of the phjsical 
elements of climate niid the results of their combinations in actual climates 
Then sliould follon an account of oLscnations and experiments uiion the 
physiological reactions of normal beings to the physical conditions of 
climate, singly and combined Pinalh, consideration should be gnen to 
the naturil distribution of disei^cs ond to tbo effect of climates and 
climatic factors in conserving or antagonizing the fortes of the human 
organism m its stniggle -with disease Jlcdicnl climatology must auto- 
matically shrink with the dtvolopracut of specific therapeutics and pro- 
ventno medicine 

It is important to realize that, while imn moves and breathes in a 
gaseous atmosphere, the protoplismic units of which lie is constructed 
are bathed in lymph winch fonna lus true internal environment, the con 
stancy of whose composition is fai moic important to normal life than is 
that of the circumambient air 

^\hcn the nonnal alkalniitv of the blooil suffers a reduction (here is 
immediate plnsiological reaction and the ili&turbincc may be *0 profound 
ns to dcstrov life 11ns condition of “acidoais” is tbe result of obscure 
and probibh diverse causes It is desired here to express the suspicion 
tliat the plivsiologicil relations of climife are largely ntliicvcd through 
a modification of inctaboli«m, one of tlic results of which is an altera 
tion of the atid alkali balance of the blood Similir results jnnv follow 
stimuli as widely different as diet and psythic emotion It is qmfo 
possible that physiological effects which we attribute to climatic change 
are often directly mediated through such plasma thniigcs ns have been 
indicated 


M£T£OBOLOOICAL CLIMATOLOGY 

Climates owe their cJnricters to tho ipiantitativc relations of certain 
phvsical elements the principal of which are (1) tciiipcraturt , (2) ntmoa 
phtno moistuix or liumulitv , (3) atmospheric movements or winds, 
(4) soil, (5) water, (0) light, (7) electricity As will shortlv bo seen, 
\ariows other relations arc of salient importance These are latitude, 
tho geographical distribution of land and witer, ocean currents, the 
existence of mountain chains and elevation above the sov insolation, and 
atmospheric composition, including impurities Various factoi-s of climate 
may have a different relative importance, according ns they are viewed 
as agents affecting the physical conditions of tho earth, or the vvclfnro of 
forms of life upon it Tho biologic importance of direct insohtton and 
of winds far outweighs the phvsical inflnencc of these factors 

Temperature — Probably the most important single factor of climate 
is iemperature With tho sun verticil over the equator, a beam of energv 
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which co\ers n unit area of the cirth would be Jistnbiited o^er a pro 
gressn eH larger surface if defleeti d ibliquelj tow ard the poles It is said 
that the amount ot solar eiitrg\ tilling upon a gi't-ii area along ant 
meridian at nnddn i mcs appro^imiteh as tbc cosmc of the latitude 
It'S heat therefore, deseend-j upon i tiren area of the earth with increas 
mg obhquitj of the riis iloreoier a the shell of atmosphere em eloping 
the earth hi« through ita v.atv,r\ content power of absorbing heat it is 
obiiDus that ohliquo rats, which pursue i longer atinosplionc path are 
robbed of their heating power Three conditions determine the insolation 
or amount of «olar energt receiied it ant place 

1 Tlie obliquitt of the rats according to which less heat falls upon 
a git en surface obliquitt increases witli latitude 

2 The relative length of da> and night The ratio of day to night 
increases with latitude in suoirair As pointed out hj L Moon 

the rapidly increasing h ngth nt the dat toward the poles during summer 
soon more than compensates for tbo decreasing angle at which the solar 
ravs strike the eirth so tint durin^ summer the insolation is actuallv 
mire abundant at the poles than st the equator 

S The absorption of solar cncr^i l» the air In dust free air the 
absorption of beit depends upon tbc presence of contained watery vapoi 
carbon dioxid and ozone There is reason to l>clic\s that m the upper 
atmosphere abo\e elcten kilometers the amount of ozone is appreciable 
and constant ith increasing obliquity of the ravs more air is traversed 
and more heat sbsorbed Wntcrv vapor and esrbon dioTid have a apctific 
absorptive power for the longer ravs of tlie spectrum 


Imevsitt or IsbotcTioN at DurenEvr ^olui AtTiriDEs (lIooRg) 



Although the earth is actuallv nearer to tbc sun in the winter of the 
uorthom hemi'iibere than in the summer the greater relative oLliqmtv of 
the rays during the fonner season is the chief cause of its cold In the 
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iintolo'jic and ph\siolOcic relutious llie atinospliorc ilwajs contains 
more or k'^s vnpor Tlit nmonut of vapor winch it cm coiitaiu 

without condciisitiou mto liquid pirticks increases with the tcmpcratiin. 
A definite weight of water when evaporated will siturate a definite cubic 
space at a definite tcinjitraturL llio iimomit of vnpor thus siistaiiKd 
IS nearly inditTorout to the gasts already present If tho temperature of 
a saturated spice bo lowered, part of tho vapor will be condensed If 
tho tonipcrntim rises, nion. vapor can he siistuncd The following table 
rtprcscnts the innximai quantity of water that can exist as vapor in a 
cubic foot of space at v nnons temper ituros 


Aoio-ols \ noH Jv A Cubic Fwjt it V^ni/ius TtwitaiTUnEs 


Tcmper4tu « 

Itumb of Ur of 

Vquf 0 Van i 4 

eu>i > «t 

Trcnpffilure 

Nun brr of Criln bf 
lnu»oi V4J r 1 
r bl toot 

100 i 
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JO 1 

19 

00 F 

148 

JO 1 

12 

80 r 

lOD 

10 I 

OS 

70 1 

SO 

0 I 

0 

00 I 

a" 

-JO i 

0 i 

oO T 

41 

-20 I 

OS 

40 r 

28 




The actual amount of vapor eontaintd in u given volume determines 
the flhsofiifc humidity Ibis, ns just seen, has a maximum winch incroa ts 
with tho tcnipomtuu The ratio of the amount of vapor uctunllj present 
to that iicctssar) to saturiUt tho space at a given toinpcrutiiro is known 
as the retatiie humidity 

lluis, if It requires ten griins of vapor to saturate a cubic foot of 
air at a given temperature, and hut seven j,raui<i arc netuallj present, the 
relative huraiditj is 70 per eent. Tho nmoimt of vnpor remaining the 
sime, the relntivo hiimiditj falls ns tho timjieuitim rises, and vice versa 
These relations gun their iraportaiico from tho fuel that tho rate and 
amount of cvaporition from a surface depend Inrgolj upon tho capicitv 
of the air for ubsorhnij, moisture 

Tho lower tho ixlativo humidity the more powerful is the cvaporatinc; 
force A knowledge of the nhsolutc humidity of the air is sufficient for 
the purposes of tho plijsicist, hut the relative humiditv expresses condi 
tions of more physiological iinportniice Air at lii^^h timpiritiircs tan 
be “very dr^,’ and still eoiitam inoro moisture tliuii cool air wliieh is 
“ver^ clamp” 

llio ntmospberie humidity is determined by the psi/chromeler which 
consists of a pair of thermometers, tho bulb of one of which is covered 
witli muslm moistened with water Iho mercury of the “wet bulb’ in 
stniraent stands at a lower level than that of tho “drv bulb ’ to an extent 
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df-termmcd bv the rate of c\aporation from the moist muslin The read 
mgs of the wet bulb are tbougjit to rcprt. ent the “«tnsible or physio 
logical temperatures more nearly than those of the drv bulb The action 
of wind greatly actelrratcs evaporation a low degree, of humidity which 
might be comfortable in the still air of a room would be disigrceabk in 
the moving air of the open Some obserrers prefer to consider, not the 
relative humidity, but its complement, the ‘saturation deficit, which is 
the percentvgc of vapor which the air lachs for its gvturation The dry 
ing power of the air is dttenmned bv the percentage of watery vapor 
which IS needed to saturate it Thus at 30” C (‘?G F ), with relative 
humidity 80 per cent, the amount of water that can still be taken up 
18 about the same as when tlie air temperature is 10” C (50 F ) and 
Its relative humiditv only ”6 per cent 

In cban^jing from the liquid to the gaseous form water absorbs a 
great amount of heat rendering it latent and in«cnsible to the thermometer 
Tins heat of vaporization is taken from the lur and especially the sur 
face, from which cvaiioration occurs UTicn the vapor la condensed bv 
falling temperatUK, its latent heat is returned to the air, and the cooling 
bv that extent is checked The dew point is the temperature at which 
tapor IS condensed upon surfaces chilled by ndntion below the satura 
tion temperature of the air 

Tho absolute humidity of anv region depends, m general upon the 
extent of water surface, including Uic moistnro of vegetation exposed 
to evaporation It vanes but slowly from time to time The relative 
humidity, on the other hand rioes and falls rapidh inversely with tho 
temperature It is higher in tho morning than in the afternoon Tho 
capacity of tho air to bold moisture rises with tho temperatura The 
rate of evaporation decreases with the ri o of relative humidity but in 
creases with the temperature of tho moist surface and especially with 
wind movement which ri-movcs tlie humid laver ot air in contact with it 
Evaporation i mcreastil m high altitudes both because of tlie lowered 
barometric pressure and bv mson of the low per cent of moisture in 
tho air As the amount of water whitli the air cm hold depends \pon 
the tempi rature of the latter and as the temptrature rapidly diininisliLS 
with altitude It follows that moat of the vapor is confined to the lower 
lavers of the atmosphere About half the watery vapor lic« below the 
level of 6 oOO feet and luno-tenths below 21,300 feet of altitude (Ilann) 
Tho intricate and profound relations of heat and moisture to pbv aiological 
functions will bo dwelt upon iii x suboequent section Tlicv largely icgu 
1 to both tho mctaboli«m of the bodv and its sense of well liciDg 

Poiti 13 due to the condensation of the vapor of tht. atmosphere when 
it IS chilled to the dew point. The tinv droplets thus formed coalesce 
to a greater or 3c«s cTtent bi fore thev fall Solid particles suspended in 
the air under ordinary conditions serve as condensation centers for tho 
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rnm drop*! It is ■siid tint m satiirrled, dust free nir conden«atioti may 
bcg;in ou suspended ions 

Rain washes and purifies the nir and becomes of great hygienic im 
port incc to the atmospheres of cities Ram is more abundant m 
warm than in cold countries, and in regions whore large surfaces of water 
are csipo cd to ciaporation, pitnided the conditions for sudden chilling 
in the upper air irc pro ent, as on wmdw ird shores and iii hill di tricfs 
'Nloi'sture laden air, on striking a range of mountains, is deflected upward, 
aud, being cooled, is apt to precipitate its moisture ns rain on the wind 
ward side 

Winds — The thief cm e of wind is an unequal heiting of the air 
Air f^pands or contracts by 1/491 of its rolnme for cweri decree Fahren 
licit of riMUj, or falliiio tcmjieritnrc Warm iir is specificillv lighter 
than cold iir, and when nia«-OS of air at diffcrtnt tenipcrntiirLS art con 
tiguous, they move down or up with aolotities determined b\ the differ 
tnee of densities The foundation of wind on temperature is simple in 
eyplauation, but fundamental in importance 

A patch of sanda soil gets hotter under the sun than a snrroiindiiig 
snrfice of clay The superior radiation from the smd heats the air 
just abo'e it, and the heattd air ri es as if in a chimiua, the toolcr stir 
rounding air continually pro-^nig m and replacing it at the surface, to 
ho warmed in turn The coinnm of oxpandtd air, on reaching a greater 
or less height, flows ovtr upon the surrounding bed of cooler atmosphere 
Wind IS the movement netossar\ to the rc tontion of equilibrium of 
density throughout the atmosphere As aquious Mpor is specifically 
lighter than either oy\gen or nitrogen, a giitu \olumo of moist air is 
lighter than that of dr-s air at the same pre&suro and temperature Hu 
midity IS, therefore, a cause of winds. iiids are classified as perma 
nent, periodic, aud non periodic. ‘To the permanent winds belong tlio 
trade winds, the antitrades, and the prcvaihng wtsterlies of high lati 
tildes, to the periodic winds belong monsoons, land and =ea brecris, moim 
tain and a alloy breezes to the nonperiodic winds belong the high winds 
that accorapiua cyclones and anticyclones, including the hurricane of the 
Yest Indies., the taphoon of the Cliina ^is, the sminom of Arabia and 
Vfrica, the sirocco of Italy, the fuhn winds of the Alps, the clunook 
winds of the northwestern part of the Hinted Stites, the mistral of Eu 
rope, the Texas northers, the blizzards and the hot winds of our western 
plams, tornadoes, the thunderstorm gusts, whirlwinds, ami main others’ 
In this article only the general features of the subjects can be discussed 

Warmed air n&cs as it expinds and cooled air descends as it con 
tracts The contrast between currents of different temperatures is par 
ticularly obvious where they art. confined, ns among the slopes and val 
leys of a mountainous region Uniform terrestrial wind movements 
largely depend upon the heating of the air in equatorial regions. A 
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vertical motion is tlius gi\eti to the medium and the air being heaped up 
in the higher altitude'’, flows off north and south to about latitude 30°, 
where, hai ing becumt denser than tJie supporting medium it descends to a 
greater or less extent m n vertical direction Air currents on the sur 
faco of the earth hue, of coiirsie the reverse direction to those alwve 
The dense air of the polar cinles flows equJtor^va^d until it meets the 
surface currents moMiig poleward when it ascends icrticalh to be dis 
tnbuted again according to the relative densities As Phillips puts it 
The final re ult would he surface muds on the equatorial sides of 
latitude 30 toward the Cfjuator and on the polar sides toward the poles 
surface winds within the polir circles toward the equator region? of 
variable winds and calms at the e» 5 uat«»r latitude 30 and the polar 
cirdts The ( irculation however would still be along meridians These 
idial relations are somewlnt changed hv the a^ial rotation of the earth 
As the actual velocity of rotation on a mendnn increases from pile to 
equator a mass of air moving southward is m the uorthern hemisphere 
left hehiud its appropriate metidi-in au<l becomes directed ^uthwest 
The result of this motion is M.en in a deflection of meridiaaal currents 
so that in the northern htmisphcTC mrth winds become northeast and 
siuth winds become southwest in diri<tion In the southern hemisphere 
the deflections would be coraplemenur) 

The Bcrcalled trade minds of 1 o'v<t middle latitudes have their ex 
planation iii such rotational deflections of meridianal currents Such re- 
lations hold well over the <«:ems but tbi modification of temperature con 
ditious over continental areas and cspcciallv the obstructuo and cooling 
infliicnco of moiuitvin ranges complicate the actual w ind mov cments 

The ordcrlj connection hetwfeii temperature and wind is familiar in 
the daiij land and sea breezes on the coast line of anv large body of water 
The specific heat of land and water being alout as 1 to 4, the land is 
rapidlj hciUd lu the ilaj time and the air cxp\ndin„ above il flows sea 
ward in the upper ngions The cooler air over the water tabes the re- 
verse dinction along the surficc thus giving rise to tlic tempering sea 
breeze of a sunimer s da\ At ni^t the laud rapidlv loses heat by radia 
tion and the air above it becomes more condensed than that a^ve the 
water The result is a nocturnal land breeze which la=ts until temperature 
equilibrium is again reached 

Cyclones and inttcyclones — Punng summer the excessive heating 
of continental anas leads to the gcuerition of upward air currents manv 
hundnds of miles in diameter The lofwc t barometric pressure under 
such an oapause of upward motion is about at its center The den cr 
surrounding atmo«phire flows in from all directions along the surface 
toward the point of lowest pre sure The actual direction of wind move- 
ment, however is not radial toward the ‘low center, but, following the 
law of meridianal motions, tho ennents m the northern hemisphere take 
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ram drops It is s\iil tb-it m siturated, dust free air condensation may 
bcjin on suspended ions 

Pam Misbes and purifies the nr and becomes of great hagienic im 
portance to the atmospheres of large cities Ram is more abundant in 
warm than in cold coimtriea, niid in regions where large surfaces of water 
are exposed to eaaporation provided the conditions for sudden clullmg 
in the upper air aie present, as on windwird shores and in lull di tricts 
jroisture laden air on striking a range of mountains, is deflected upward, 
and, being cooled, is apt to precipitate its moisture as run on the wind 
ward side 

Winds — The thief emst of wind i» aii unequal licalin„ of the air 
Air expands or contracts by i/401 of its volume for everv degree Faliren 
belt of risiiio or falling temperature Warm air is specifieallv lighter 
than cold air, and when masses of air at different temperatures are con 
tigaiou®, tlicv move down or up with velocities determined bv the differ 
cneo of densities The foundation of wind on temperature is simple in 
explanation, but fundamental m import ince 

A patch of «andy *oiI gels hotter under the sun than a surrounding 
surface of clay The superior radiation from the sand licats the air 
]U8t above it, and the heated air ri'os as if in a chiinuev, the cooler siir 
rounding air continually pressing in and replncing it at the surfatc, to 
bo warmed in turn The column of expanded air, on reaching a greater 
or leas height, flows over upon the «urrou»diiig bed of cooler atmoapbero 
\\ md is the movement neoosaary to the restoration of equilibrium of 
density throughout the atmosphere As aqueous vapor is specifically 
lighter than either oxygen or nitrogen, a given volume of moist air is 
lighter than that of drv air at the same pressure and tempenture Hu 
midity 18 , therefore, a cause of winds inds are classified as porraa 
nent, periodic and nonperiodic. ‘To tho ficnnaiieut winds belong tho 
trade winds the antitrades, and tlio prevailing westerlies of high lati 
tudes, to the periodic winds belong monsoons, land and &ev breezes, moun 
tun and valley breezes, to the nonperiodic winds belong the- high winds 
that accompany cyclones and anticvdones including the hurricane of the 
We«t Indies, the tvphoon of the Chinx Seas, tlie simoom of Arabia and 
Africa, the sirocco of Italy, the fyhn winds of tJie Alps, the chinooh 
winds of the northwesttru pirt of the United States, the mistral of Eu 
rope, the Texas northers, the blizzards, and the hot winds of our western 
pluns, tornadoes the thunderstorm gusts, whirlwinds, and nianv others” 
In this article only the general features of the subjects can be disCUssed 

Warmed air rises as it expands and cooled air descends as it con 
tracts The contrast between currents of different temperatures is par 
ticularlj obvious where they ire confined, as among the slopes and val 
leys of a mountainous region Uniform terrestrial wind movements 
largely depend upon the heating of the air in equatorial regions A 
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vertical motiou is thus given to the medinin and the air being heaped up 
in the higher altitudes flows off north and south to ihout latitude 30 , 
wiierL liai ing bctonie denser than the supporting incdnim it descends to a 
greater or less extent m a \ertical direction Vir currents on the sur 
face of the earth have, of cour e the n.vcr e direction to those above 
The dense air of the polir einles flows equatons ird until it meets the 
surface ciirrmts moiing poleward when it ascends terticallv to be dis 
tnbuted again according to the relative densities As Phillips puts it 
The final result would be surface winds on die equatorial sides of 
lititudo 30 toward the eqmtor and on the p>lar sides toward the poles 
surf ice winds within the polir circles toward the equator rc,,ion3 of 
\arnble winds and calms at the equator latitude 30 , and the polar 
circks The circulation however would still be along meridians ’ These 
ideal relations are oimewhat changed b> the axial rotation of the earth 
As the actual \elocitj of lotation on a mcndian increases from pole to 
equator, a mass of air moving southward is in the northern hemisphere 
left behind its appropriate meridian and becomes directed southirest 
The result of this motion is seeu in a deflection of meridional currents 
so that in the northeru hemisphere nirth winds become northeist, and 
south winds become southwest m dmctioii In the outhein hemisphere 
the deflections would be compleincntarv 

The so-callcd (raJe uinds of lowir middle latitude? have their ex 
planation in such rotational deflections of mcridiaiul cumnts Such re- 
lations hold well over the oct ma, but fh«» modihcatioa of temperattire con 
ditions over continental areas and espotiallv the obstructive and cooling 
influenco of tnountam ranges eomplicito the actual wind moiements 

The orderly connection between temperature and wind is familiar in 
the dailj land and »et breezes on tlie coist line of anv large body of water 
The specific heat of land and wafer being about as 1 to 4 the land is 
rapiillj heated m the daj time and the nr expanding above it flows sea 
ward 111 the upper regions Tlic eoohr air over the watir takes the re- 
verse direction along the surface, thus giving n<o to tlie tempering sei 
hrecze of a summer s daj At ni^t the land rapidlv loses heat hj radia 
tion and the air above it becomca more condon cd than that above the 
water The result is a nocturnal land breert which lasts until temperature 
equilibrium is again reached 

Cyclones and Anticyclones — During summer the excessive heating 
of continental ireas leads to the generation of upward air currents manv 
hundreds of miles in diameter The lowt t birometnc pressure under 
such an expm o of upward motion is about at its center The din er 
surrouDding a(mo phere flaws in from all directions along the surface 
toward the point of lowest pressure The actual direction of wind move- 
ment, however, is not ridial toward the low center but, following the 
law of meridianal motions thi currents in the northern hemisphere take 
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a circular direction opposite to that of the hands of a watch Such a 
sjstem of wind movement is known in raeteorologj as a cyclone Con 
versely, when a column of iir becomes heavier than the atmosphere m 
general, as commonlj happens over continents in winter, the denser air 
moves vertieallj downward and passes outward along the surface from 
this center of high barometric pressure For obv lous reasons, the direc- 
tion of wind motion m such a case is, in the northern hemisphere, like 
that of the hands of a watch Such a system of wind movement is known 
ns an anticyclone The phvsiologieal effect of the cold, dry, pure air 
thus broUc,ht to the surface is one of invigoration The reader is referred 
again to the comprehensive work of Jloore for a graphic 'iceouiit of the 
meteorological bearings of this subject ilids are of verj great irapor 
tance m medical cliraatologj Thej maj furnish in turn the most grate- 
ful relief from the depressing effects of heat and moisture, or render aa 
otherwise enjojable climate unbearably rigorous 

Altitude- — The factors of climate arc more or less raodiBed with 
elevation above sea level The weight of the atmosphere and, therefore, 
the barometric pressure decrease progressively in a vertical direction from 
tho surface of the earth When the barometer reading at sea level is 
29 07 inches Hg, at an elevation of 5,000 feet it is about 24 07 inches, 
ind at 10 000 feet 20 dO inches The rate of fall decreases progressively 
In. the first 1,000 feet of elevation the pressure is lowered bj 1 15 inches 
Hg, m the tenth 1,000 feet b> only 0 77 inch Hg Actordiug to Boyles 
law, the volume of a gas vanes inversely with the pressure, the tempera 
turo remammg the same Therefore, the atmosphere is progressively 
rarefied with increasing altitude, the proportion of its constituents 
remains the same At an elevation of ateut 3 5 miles, or 18,4S0 feet, 
the pressure is reduced to about half that of sea level Permanent human 
habitations occur at altitudes approsimating, this (over 10,000 ftet m 
Thibet and Bolivia — Hann) As the weight compressing the air de- 

creases with elevation, air expands, and in expanding absorbs from the 
Surroundings heat which becomes latent because doing the work of cvpsn 
>> 1011 , On returmng to a lower level tins latent heat is given off again 
when the air reaches its original volume Dry air falls m temperature 
about 1® F for every 183 feet of elevation When the air is moist this 
relation is disturbed by the latent heat set free from condensing watery 
V apor Ov< r the equator continnons snows are found on mountains at an 
altitude of 18 000 feet The snow level north and south descends with 
increasing latitude and vanes with the season. Mountain tops are said 
to be cooler than the free air about fficm, though the rate of temperature 
decline is hss on mountain slopes than in tin free air, and over elevated 
table lands the temperature decrei«!c is much more gradual The u. eful 
ness of these facts depends upon their adaptation to surface conditions at 
various elevation® 
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Watery vapor follows the law of expanding gases and decreases per 
volume of air with ascent, moreover, the amount held in solution is 
reduced bj the lowered tempemture (sec tihle page 1741 

Solid particles, which form an adventitions but constant constituent 
of the atmosphere at low levels, decrease with ascent above the surface 
The air upon high mountain slopes has been found free from dust and 
bacteria The result of these conditions has more phssiological than 
phisi^al value \egetation is sharplv limited, owing to the falling tern 
perature on the slopes of ht^h mountains as shown bj the ‘ timber line ’ 
winch is higher on southern than ou northern exposures 

Pure, dry air is nearly diatbcrmanous bolid particles carbonic 
acid and espccialh water in suspension are the atmospheric elements 
chiefl} capable of absorbing heat Wc Uicrtfore find that their reduction 
in elevated regions is manifested by increased intensity of insolation 
A surface capable of absorbing beat becomes cxcessivelv warm under the 
suns rays but, the air being cold, a thermometer placed m the shade 
shows a low degree of temperature The beat absorbing constituents of 
the atmosphero also operate spccibcally upon the less refrangible rajs of 
the spectrum Therefore, solar heal and light are not oulv more intense 
in the clear nir of high altitudes, but the proportion of chemical ravs 
IS griater than at sea level 

The science of acrologj has achieved such rapid development that iii 
^estlgator8 arc more and more coufidentiv using its data in the explanation 
of purzling records of geologic events such as the glacial epochs 

Millie meteorology maj be considered a parent of climatology their 
interdependence must be worked out empirically for every complex of 
conditions 

The present status of our knowledge is well set forth in the recent 
monograph of Humphreys He writes ‘The atmosphere is divisible 
into the stratosphere and the tropbosphtre or the isothermal region 
(with a temperature of about minus jo C ) and the convective region 
or in other words that region in middle Ktitudca at and bevond about 
eleven kilometers above sea level wlicre because of freedom from vertical 
convection ordinarv clouds never form and that other or turbulent 
stormy region bolow this level which is frequently swept by clouds and 
washed bj snow and ram 

Sod — The nature of the oil found in any locality is an important 
climatic factor Soils dilltr greitlv in their capacity for absorbing and 
radiating beat and for holding water h«timatino the capacitv for heat 
absorption and radiation of sand^ limestone at 100 that of pure sand h 
O b that of various clajs varies from G7 to 77 while that of Ininius is 
onlv 49 It has been found that s lajcr of sand half an inch or miro 
thick on marshv ground o increases its absorptive power that the radia 
tion at night suffices to prevent the freezing of crops that would otberwi'jc 
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suffer The grcate t nngL of tempenture is found ^'hcre the land has 
the greatest power of ahsorption and radiation, as over deserts The cha^ 
acter of the soil has e pccial importance in its relation to the ah-orptioa 
and retention of uater Sand absorbs water most reidilv, but allows it 
to percolate rapidh Thtrefort, a «indv surface qiiicUv dries after a 
heavj ram, uule s underlaid bv an impcnioiis laver Cha ab-orhs water 
with difficult\, and it iip slowh Humus has eatraordinarv capaeitr 
for absorbing water, which it tabes up alovrh, but retains stroncl^ Damp 
soils art tho«c which ret tin or pro\tiit the percolation of water Cnltiva 
tiou of the ground greath enliances its cipacJt^ to store infer The 
atnio pherit hnmiditv \ iries with the nioi tnre in the ®oil and the ten 
ptnturc relations of the nir appro icb m equal degree tho e found over 
water surfaces. The reflecting powers of the ground coloring are of 
phi aiologital moment as witnes e<l m the glare from sandi de erts on 
the one hand, or mouutam snow fields on the other 

Electricity — FIcctrieiti is a climatic factor of unknown value It is 
lid that the atniosphero i» ii n illi positiiclv electrified mth regard to the 
e-irth, and that the open air is |) 0 »itire to that infhm (Inelhng* Dwrintf 
ram storina the air charge is said to become iipg-itiic In tho dn nirof 
ileiated regions the hou c dweller is often punfulli reiuindod of his elec- 
tric iwtential hi the shock tbit follow his touch of i gronndetl conductor 

There mav bo truth in fht popiihr coneepfjon that ozone Ins impor- 
tant climatological relations It is a powerful oxidizing and purifiing 
agent It IS formed from oxigcii under the influence of electric dis 
charges produced hi mau\ and 'anou» nieteorologic and telluric condt 
tion«, or bv the action of iilfraiiolet rav In general, its presence in 
dicates the absence of organic pollution, and is ns'sociafed with a bracing 
physiological effect of the air 

In the presence of moisture and at o^dlnar^ temperatures it quickl' 
reverts to ordinaiy oxvgen, but at aeri bi^ altitude^ where the tempera 
ture IS about minus 55® 0 , it is supposed to be formed under ultraviolet 
radiation from the aim and its eoiidiiion is far more stable 

Composition of the Atmosphere — ^Tho composition of the free ai^ 
in different places is remark ablv lUuform. This is given for pure dr^ 
air bj iloore in the following 
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Otter gasea, suet as krvpton neon, etc , wtict occur m small amounts 
are without known effiet A small trace of ammonia important to plant 
life, IS said to be normally pn ent A most important and van ible con 
stitueiit 13 w iterj sapor which rini^ m amount from 3 pir cent of 
solume in the dampest regions to n -vanishing proportion in the drvest. 
The percentile of the different comiwuents of the atmosphere with the 
exception of the waterj vapor, as practically unchanged tj altitude 

Barometric Pressure — This is the sum of tlio partial pressuics of 
all the gases in the atmosphere 'WbiU the total pressure is due to and 
measures the total weight of the air-cone BUpportiUi^ the mercurial col 
wmn the partial pressures of the varicms components of the ait do not 
exactlv ineasuri. their relat vo weights I quality between partial pros 
«ures and wei,,lits would hold if the percentages of the gases present re- 
mained constant throughout the atmospheres but when the percentue of 
any anbstanco decreases with elevation, the pressure it exerts is correspond 
lUely greater thin its own weight ilius the pressure of water vapor 
at the surface of tlie earth is about six times its weight or sixfold what 
It would bo if the gases wore not present ” 

The atmospheric pressure at ea level in fair weathir is uaually rei> 
resented by a mercurial eohmin 7t>0 millimeters about 00 inches high 
The pressure decreases rcguliriv with iltitndc but its decline is affected 
by latitude, tinapetature and humidrtv The b-aroinetru. fall for equal 
B cents becomes sliehtlv less with men asmg altitude Koughlv estimated 
the barometer falls 1 mm for cverv 12 meters ascent, or 1 inch for each 
323 yards above sea level 

Dust and Impurities in the Atmosphere — The hygienic rel itions of 
itmo phene purity will be referred to later Except in the uninhabited 
regions of lii^h altitudes, and to a degree over the oceans dust particles 
including muroorgaiiisms are constmtlv suspended in the air Tin 
air of lar^jC cities invariably shows bundreds of thousands of dust motes 
to the cubic centimeter, that of the village or town thousands and that 
of the open country at least hundreds ” Li^it striking upon the sus 
ponded dust particles is scattered in all directions They are (he chief 
olerapnts in tlio diffusion of davlight In dust free air only objects would 
be visible which were ilhiininatcd h\ tlic direct ravs from the sun or 
those nilcctfd from visible surfites Tvndftll found in his experiments 
that the dii‘-t most difficult to remove was combustible, and therefore com 
posed of oigHuic matter 

The color of the sky "Wic duration and colors of twilight arc largclx 
determined by the optu il ifficts of dn t motes m tlio unper air But 
dust owes Its pirticular climitoloijital impottano to the fact that its 
particles serve as the criidinsation centers which seem to be neecs an to 
initiate the fonnation of droplets of moisture which give rise to fog 
cloud rain, and snow 
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suffer The greatest range of temponture )S found •where the land has 
the greatest power of ab-sorption nnd ridiation, as o^cr deserts The cha^ 
acter of the soil has c^pecnl importance in its rdation to the absorption 
aud retention of water Sand ab orbs water ino&t readiL, hut allows it 
to percolate rapidh Therefore, n siiidj surface quicU^ dries after a 
heaaa ram, unless underlaid ba an imptriious laaer Claa absorbs water 
with difficiilta , and gn cs it up slowla Humus has extraordinary capacity 
for absorbing yvater, yyliicb it takes up slowh, but retiins strongly Damp 
soils are those yvlnch retun or prevent the percolation of water Cnltiva 
tion of the ground greatly ciihancis its cipicity to store water The 
atmospheric humidity yaries with the moisture m the soil, and the ten 
peratiirc relations of the air ipproidi in tapial dej^ret tho c found oier 
yvator surfaces The reflcctiiij, powers of the giound coyenug are of 
physiological moment, as yyitnes ed in the glare from sandy deserts on 
the one hand, or mountain snoiv fields on the otlier 

Electricity — I lectricity is a climatic factor of unkncrvvn yaliie It « 
aid that the atmosphere is usually pcijituch electrified with regard to the 
ctrth and that the open air is positive to that within dwellings Dimnc 
run storms the airchirge is <ud to become liegifne In the dry nirof 
ykvyted regions the how c dweller is often piuifulh rcmiudod of lua clec- 
tno potentiil by tho shock thit follow lus touch of a grounded conductor 

There may be truth m the populir conception that ozone has inipor* 
tant climatologic il relations It is a powerful oxidizing and piirifyuig 
agent It is formed from oxygtu under tho influence of electric dis 
charges produced by manj and y mous mctoorologie and telluric condi 
tions, or bv the action of ultraviolet ra^a In general, its presence m 
dicates the absence of organic pollution, and is associated yvith a bracing 
physiological effect of the air 

In the presence of moisture and at ordinary temperatures it quickly 
reverts to ordinary oxygen , but at ycry high altitudes yvbere the tempcn 
turo 18 about minus 55® C, it is suppo cd to be formed under ultraviolet 
radiation from the sun and its condition is far more stable 

Composition of the Atmosphwe — Tho composition of the free aw 
m different places is remarkably uniform. This is given for pure dr\ 
air by Moore m the following 
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PHYSIOLOGICAL AND MEDICAL CLIMATOLOGY 


The living organism reapoawls to its pli}'>ical environment While 
eadi climatic factor has a preponderant effect upon one or another physio 
logical function, the fact that these functions arc interdependent and that 
climatic conditions varj more or less a a nliolc makes the study of phisio 
logical dimatolngv one of exceeding complexity The ideal scientific 
pre entation of the subject vpould denote the relations between climate and 
the living onranisms in tin form of an equation On one side would 
ho grouped the physical viriahles entering into the concept climate on 
the other side would stand the infinitely complex community of reacting 
cells of the hodj The science of medical climatology must attempt to 
present the integral effects upon the second term of the equation of muta 
tions in the ^anahlca of the brst This underlying mathcmatual ooncep- 
tion of the subject is miUifcst in the actual examination hi the labora 
torv worker of the physiologic effect of tiic chaDgC of individiiBl climstic 
factors Moreover, the mathematic i1 point of view has definite practical 
value in that it reveals the futility of expecting a solution of the problem 
without a full knowledge of all the lariahlcs which enter into it. 

The Physiological Reaction to External Temperature — Temperature 
18 biologically the mo«t dominant factor of climate Metabolism of In mg 
matter goes on withm a narrow ranct of body temperature Cold blooded 
animals whose cliemical proces e m large measure n«c and fall with 
external temperature lia\c like plants, a geogripliieal distribution strictly 
related to the thermal environment Warm blooded animals react to 
yariatioiis of cxternil temperature in uch a way that, in general metah- 
olwm with produclion of heat i» increa ed and loax of heat decreased by 
external cold, while the reverse rtjctioiia occur yvhen the external tem 
peratiirc rises Bv these means a nculy coustant body temperature is 
maintained under wide fluctuations of «ir temperature 

The heat of tlio body m due to kjtabohsm or the breaking doivn of 
complex into simpler chemical compounds in which process potential 
energy hecomrs Iihtritcd and kinetic The food is the fuel which sup 
piles the l>ody with all its energy and there is beheyed to be an exact 
equilitv between the energy estimated as heat lost to the food in the 
body and that set free m the vital proces ea supposing the weight of the 
body to remain the same Therefore the body iii its metabolism is sub- 
ject to tbe law of the conservation of energy 


Ob ervationa on men confined in a calonmeter show exactly hnw much 
energy estimated as heat is lost to the body under dtfTtrent conditions 
in a gnen time It is obyiotis that to maintaiu the body unehanged it 
must receive m the food fit least as much energy as it lo«ia in its ractab- 
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The Influence of Vegetation on Climate — Forests hare au importmt 
human interest m their efheienc\ as wind bnhes Radiation and evap- 
oration aro increased over verdure-covered areas and, therefore, the gen 
oral influence of vegetation is to cool the soil The average humidity of 
the air of forests is several tlegrocs above that of the open The gcnenl 
effect of siuh growths is to conserve uiiiforniitj of temperature and 
moisture and to oppose extremes Oiil> a few 3 cars ago it was gencralh 
assumed that vegetation, and cspecialh forostation, had extreme impnr 
tnnee both m increasing rainfall and in improving the capacity of the 
soil to absorb and retain water Deforestation has been ciiarp,ed vrith 
causing nridit} of once fertile regions on the oije hand, and with allow 
ing the rapid run off of excessive precipitation in disistrous floods on 
the other An unprejudiced onahais of climatologic facts has led to the 
conviction that vegetation is onlv an effect and not a cause of rainfall 
Numerous factors are imolvtal m tlie problem 

Professor Willis I Ifoort finds that “In New England, where de- 
forestation began earlv in historv, the mean of the fluctuations m the 
ram curve 13 a stcadv rise simc 1830 up to a few jeirs ago, and m the 
Ohio Vallcj, where tho forest area has Ixcn grcntlj diininished, there is 
no decreiso of rainfall sliown bv the average of tho fluotuationa of the 
curve” He concludes “PrxcipJtUion controls forest itioii, but foresta 
tion has little or no effect upon precipitation Iho run-off of oiir 
rivers 18 not niatt-rullj affected bv niiv other factor than llio precipitation 
Floods aro not of greater friqncncv and longer duration than fornicrlv ’ 
It appears that the cnpacitj of soil to absorb and retain water is enhanced 
rather more bv artificial cuhnation than b^ niero vegetation The binding 
power of vegetation upon the soil is on important consideration 

On the other hand, the existence and distribution of plant life arc 
dircctlj dependent upon temperature and bumiditv Good erops are 
raised b^ ‘drv firming’ in regions, such as Colorado, where the raiiifiH 
IS luaufiicient to support spontaneous growth Ihe mam feature of the 
method consists in fine trituration of tho eurfaco soil It seems obvious 
that lumping of the earth m masses would not onlj facilititc the develop 
ment of macroscopic interstices, favoring n run-off of vvntcr, but would 
impede the ponctnition of the tlods On the other huid piihinzation 
of tho soil would both annihilate its drvinnge channels and set each par 
ticlo free to exert its maxinnini adsorption on the fulling moisture Ih'^ 
distribution of plant life in general, other things being favorable, is deter- 
mined by teraperatnro ranges Plant growth does not take place until a 
temperature of about 43*’ F is reached Tho nmoiiut of growth dipt-uds 
upon the number of hours in a scison in winch the temperatnro is above 
this limit Of two places having the same moan temperature, one mij hi 
barren and the other contain a rich flora through favor of a short, hot 
summer 
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in climbing a ceitam height, which di-^appcarttl after the physical tram 
ing of a summer Training is the proce s of phjsiological adjustment 
ncccssarv in passing from one habit or cniironment to another Ercrv 
organism has its individual range of phvsiological response to the process 
of training Somcv^herc on this scale whether it be constructed on the 
basis of external temperature or aii> other climatic factor is a point at 
which, for the moment is found the optimum of physiological response 
— or that response which best eon erves the well being of the organism 
as a whole The numerical situation of this optimum vanes with the 
ludiaidual and for the same person at different times Beyond the ex 
tremes of the sc lie life can no longer exist 

The essential the«ia of this argument is that climate, in its broad 
sen e, is an indiapcn«able factor in pby8u)l0p,ical therapeutics 

The hodg Umi>iraiun. in man has been found by most observers to 
aar\ only within one degree during residence in opposite extremes of 
latitude The aceuraev of most observations is impaired btciui c- the 
records have been obtained from the mouth or axilla T bis uniformity 
of body tempenturo under different cxtcmil conditions is maintainid 
bv co-irdination between the nervous mechanisms for the dissipation and 
production of heat According to \ierordt, the rclatuc bss of heat 
through various channels is represented lu the following table 

IlCLaTUE Loss OF IIp\T TIlRKOlt Viwois Chasi-els 


Ch 1 

P C 1 

C 1 n 

By unno and feces 

IS 

4 00 

By expired air wamiinp; of air 


64 00 

\apori*ation of water from luncs 


18‘>1'>0 

By evaporation from skin 

US 

l’41’0 

By radiation and conduction from kin 

730 

1 T91 8'>0 

Total daily loss 


•> 470 OCO 


The relative values of these factors change greatly with external tern 
perature and humidity Thus in warm weather the loss of heat result 
111-, from the evaporation of pirspiration rapidlv uigmcnts The nervous 
mcclunisnis involved corapns" the respiratorv center the vasomotor 
center the sweat centers certain other secretorv centers and the various 
afferent and efferent centers, wliwh eonnect tlvewi with the hiu. The reg- 
ulation of heat production involves chieflv the motor nerve centers with 
the motor nerves of skeletal muscles and the character and quality of 
the foDd ingested Calonmetnc experiments on men and animals show 
that the respiratory exclianpr me a ured hv the amount of oxygen absorl>c<l 
and carbon dioxid exhaled increasis with fill of external teinpcratun 
In tho ease of man the imrca c of oxidation through cold is insignificant 
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Panllcl ^nth the incrcieed ingestion of heat producing food, plivsio- 
logicnl combustions nro increa«!td in tlic cold, othcnvise tlie level of bodv 
tempenture could «!carcoh be maintained The four fifths or more of 
the cnorgj of mii‘'eiilnr contnction nhich nppnrs ns heat, not to spcal 
of the warmth from circulation friction, are import iiit sources of bodih 
heat All thcie facts harmonize nitli the ethnic experience that, broadh 
speahmg, the peoples of the htglicr temper ite latitudes arc characterized 
bj phjsical cncrg\ and mental luitiatno, nhile those of torrid zones 
exhibit a compiratuc bodiI\ lassitude and mental inertia 

In actual climates other factors than tempenture, notably humidity 
of tbo air, enter into the physiological problem and demand a special 
discussion 

External temperature has a fnmlamenlal causal mlliicncc on bodv 
inctaboli m It is a fair assumption that there is an optimum mctnboli ni 
at iiluch machine efficienea of the organism is at its acme, nid that tins 
condition represents tho most pcrfi'ct att unable standard of good health 
for tho induidual It seems probable, though it docs not follou of neces 
8it\, that the ability of the tissues to adjust thcni-'chts to \irMngcn 
Mroiimciit, and to produce the aarions biological antagonists against 
infections di ease, should mainfe«t an intimate dcptiidciict upon tins 
phv lological efiiciency tn short, what wo term “tho resistance powers 
of the body probably lari m some direct proportion with that harmony 
of metabolism whoao optimum is mauiftstyd h\ perfect meclnmcal cfB 
cieiie% bitcli a view finds luminous exposition in the clinical experience 
that an enyironmcnt of op<.n air prondos the body with a more or less 
specific resistance against the advance of certain infections — notablv tu 
bercillosis It is comniotilv admitted also that tiihorculous patients thrive 
better when they react to the cold of winter than when subjected to the 
heat of summer It is fuiidamcntalU important to realize that the com 
mmiJty of living cells forming the bmly la i moving a^atcni, reacting 
instantly to every change of cm iroiimciit Tho resultant of sucli a 
physiological adjustment is subtended bv a state of consciousness, a sense 
of comfort or discomfort, of well being or ill bciiif, This psvchological 
condition is what detcrimnes mans estimate of climate, and I a‘>sunic 
that it 13 the natural anti, on the whole, most xolinblo test of the con 
servativt or dt&trutfnc tendencies of nndtrlymg phvsiological activitie 
Our appreciation of a chango is always measured hy the state to which 
wc have alreadv become adjusted Tims, ns Hnegird points out, Ro'^s 
and his party of Arctic explorers found the temperature of — S'!® to 

25° F agreeable after thev bod Iwcii exposed to one of — 47° E , 

and Pcirv’s men compl lined of heat at 20° E after thev lind become 
accustomed to —13° F 

Zuntz and Ins party in the Vlps found that, in the springtime after 
a winter’s inactivity, the guides su/fered fatigue and metabolic disturbance 
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dents The ttndeiJLj is to i reduction m phjsiological tone a lack at 
once in inhibitory forte, and in actiTe energj 

Physiological Influence of Atmosphenc Humidity — The watery \ apor 
diffused through the air has e'atraordmarv phisiological importance- 
not through specific action of its own but ha modifaing the effects of 
other tlimatit agencies, as heat cold wind, and light The vapor of water 
m the air, like a bodv of water upon the earth tends to the preservation 
of unifonn temperature Waten vap>r absorbs and renders latent a 
^rcat deal of heat Tlie warmer the air the greater its capacity for sus- 
taining \apor, and thus accommodating a resene of latent euerpt which 
must again become actiae when the aapor is condensed Through at 
Diosphcnc humidity the earth is thus atritned from the eatremc intensity 
of solar insolation li\ di\ and tlic earth is protected from evtreme chill 
mg through radiation and ivapontion at night The air in contact with 
a cooling surface is suddenH warmcal when dew is precipitated As 
already mentioned the drving power of the air is measured by the per 
oeiitage of watery vapor which it lacks toward saturation that is, it 
Varies somewhat iniorsclv arith the relative humidity 

It his been seen that the regiiluion of bodi temperature in man in 
tolves the regulation of tbt loss of heat b\ the skin In cold weather the 
skin is relatmlj drv and tlic radiation of beat is rtdiictd by proper 
clothing and the bidy winntb is conserved on the principle of tlio 
domestic flreleas cooker As the tvUmal temperature rises the skin 
circuhtion increases and tin swtut glands give forth their witery secre- 
tion The evaporation ot the swiat removes the cvciss of heat from the 
bodj ^\llen tilt air is still the nlativc hnmiditv of the h 3 cr ntvt to 
the skill is quicklv rai td so high as to mi|H.di further evaporition tho 
air sums raiiggv, and tin subjertive sensation is ono of profound di^ 
comfort A gtntle breeze bnisLes awav the moist coating and the rt 
frc'hing cooling process (ontimiis \ stronger wind espcciallv when 
lonttntrntcd on a limited jortiou of the surfue is apt to occasion such 
rapid chilling as to caii«c widt prtad cirtulatorv disturbances which 
introduce a divirsitv of pilhoIo„«al conditions Ilenin js a held for 
investigation which inclmhs mirobtrltss plicnoiucna, from the stiff neck 
that follows a draft to the l)n„ list of respirator) infections that have 
some rihtiou to surfatt chill The discomfort occasioned by locabzcd 
cooling of the bodv gives rise in minv people, to on uistinctivc aversion 
to drafts of air, whicli is worthy of special inquiry Howell quotes a 
case from 7untz of a man who possessed no sweat glands In summer 
this individual was incapacitated for work since evtn a small degree of 
muscular activity would cui c an increiso in lus Iwdv ternpenturo to 
40 C (104 I ) or 41 C (lOj 8 F) This wonderful capacitv 
of the body to regulate its temperature by evaporation was bown in the 
familiar cvpcrienco of Blagilen and lordyce publi hod in the eighteenth 
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if, bj voluntary control, rouscuhr ino\CTncnt and sliucnno avoided 
Thus 13 manifest tbe purpose of the mstmctnc muscular actuitv induced 
bj faJhng- temperature Rubncr found the ftiiiount of CO tliminafed bv 
a fasting guinea pig in air cooled to 0® C to be more than double what 
It was when at a temperature of 34 9° C (94 8° F ) , and this with a 
difference of but 1 2° C in Lod^ temperature 

Tbe general conclusion from numerous rc’carcbes on this subject is 
that tbe intake of oxjgen and output of carbon diotid increase with 
lowering, and decrease witb risiiip, temperature of tlio environment It 
IS an interesting conclusion of I otvvj that “the onlv iiivolmitarv regulator 
of temperature in a man expo'sed to moderate cold is the skin” But 
tho range of this coordination has dehnitc Jiimtations Thus, both in 
man and animals, when the temperature of the cilonmottr exceeds 30® 
to 35° C (86° to 95° P ), the combustions of the bodv increase bejond 
their magnitude at 20° C (08° P ) Tbe writer lias found that tubir 
culous guinea pigs seem to fail faster if kept at temperatures between 
80° and 00° F 

It seems verj doubtful if siicU increased metabolism would be found 
m acclimated individuals hvinc in the tropics Pflugcr made the inter 
eating observation that, in a ciinrizcd ribbit, jn which the muscles cannot 
be innervated, the gas exchange rises and fills witli tbo external tempera 
ture as it docs in coldblooded animals The same effect was obtained 
m paraljsis following section of the spiinl cord m the neck It is a 
matter of medical interest to know that scveril observers agree that 
anesthetized mammals respond like cold blooded animals to alterations in 
citemal temperature (TJic student of meuMism should consult the mas 
terlj chapter of Graham LtiaJc on TIic Rigid ition of Timpcraturc) 

The investigation of tlic effects of climatic temperatures, espcciallv 
m the tropics, on phvs>ioIOj,ical functions offers considerable difficulties 
The conditions m hot countries aic prone to he complicated hj pansitic 
infections Thus, according to some observers, i decided degree of anemia 
characterizes the inhabitants of hot comitrus th< ininiber of rtd cor- 
puscles in the blood falling to half that iionnal in temperate zones On 
the other hand, denizens of polar regions irc s iid to show plethora and 
polycythemia 

These conditions might be explained b\ ibiindant ilimentation on 
the one hand, and parasitic infection on the other The influence of 
warm countries seems to loner artenal blood tension Ihe rate of heirt 
beat at the same time does pot seem to bo matenally changed Evidence, 
of doubtful value obtained at surgical operations and postmortem txamina 
tions, indicates that residence m the tropics induces a hv peremia of the ab- 
dominal organs , on the other hand, the lungs contain less blood than visual 

The general physiological effect of residence in hot countries seems 
to be epitomized m the muscular and nervous lassitude rciwrtcd by rtsi 
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8 ptr cent of an atmosphere instead of a normal perccntajjc of 11 to 17 
(Loewy) It IS therefore obMons that, as rcgirds its content of O 2 and 
CO , the aheolar air is not onl> practicalW identical outdoors and in 
but that under ordiuarj conditions its vanations make no impression 
on consciousness ilanj veara ago Brown Sequard and D \.r«onial an 
nounced that the deleterious qualities of expired air depended upon 
poisonous or 5 ,anic matter contained in it Thev condensed the moisture 
in the breath of animals and injected tlic fluid obtained into other am 
mah with fatal effects Other observers rtptitiiig tiiCit experiments 
f lied to obtain the same rcsnlts Finally the whole qucstiou was sub- 
mitted to an elaborate critical exp« rimeiital review m 1895 b\ Billings 
llitcbell and Bergov The c authors concluded that the ill effects nf 
respired air depended wholK on its temperature and liumnhti and 
not upon its increased content of carbon dioxid or any organic inclusion 
Fxpcrimenta conducted bv the writer were rceenth instituted to de- 
termine whether a condition of sensitization could be induced in animals 
ba confining them in jars ventilated ni-ufficicnth for their needs Con 
elusions were deduced as follows 

' Guinea pig« exposed to the lalmatheil air, inchidiiic cutaneous dust 
p\en off from other guinea pig« until ita content in CO is siifticicnt to 
cause exccssnc dyspnoi manifest 111 the majonls of ciies, when re 
exposed to the sime conditions after the lapse of from twenty to eighty 
daas in comparisou with normal <<mtrol animals an exacerbation m 
respiratora disturbance which sngj^e^ts auaph'lactio reaction 

‘ Though carbon dioxid is the onh a,^eiit in the exhilcd air which is 
demjustratcd as the eflicient cause of dv«pnea its presence is not neces 
Sara to the induction of the sen itivc atile there is even eome eaidence 
that its presence tanda to aaert sensitization ’ 

The avnter has found that guinea pics sensitized by subcutaneous in 
jcction of hor e scrum arc m a large proportion of case® tcmporarila 
de-SEDsitized ba exposure in n hor e stable This fact is crucial evidence 
that protein matter — wliethcr from the skin or lung is doubtful — given 
off ba the horse may aahen inhaled by a guinea pi^ produce m it im 
munolcgic rcictiona 

From a noteaaortha «cnes of reaeirchcs performed ba Paul JIcaTnann 
and Frcklaiitz under the direction of Flugge the eoneliision seems jiiatihed 
that the «ubjectiae impnasions that wc haae l>cin accustomed to a tribe to 
disturbances of lung acntilition realla dipend upon modifacations of skin 
aentilation llu observations wert made upon men confined in a do ed 
ihaniler of thm maters copicita proaidcd with an electric fan Wlicn 
the air \\ 13 kept in motion ha thi fan the subject under exp riinent 
remained frei from uiiplca ant sensations 111 air which measured by 
rrUinary standards was cxcessivcK foul When the fan was at re«t and 
the air still the person confined in the chamber soon began to suffer 
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ceiitnr\ These obsenera tested their own temperatures in rooms heated 
to nnons decrees Tliea found thit the effect depended on tiic Inimiditv 
of the air ‘ Thus, after remaining fifteen minutes in a damp room heated 
to 54 4° C (121 9° F ), the terapenture of the month and urine was 
37 8° C (100° r ), but in a similar exposure in a dr^ room heated 
to 115 5° C (239 9° I ) to 12G 7° C ( 102° I ) , and m winch beef 
steaks were being cooked b\ the heat of the iir, did not raise the tem 
perature of the bod^ aboie the normal ” 

It IS clear that the chief regulator of the hod} temperature, as external 
heat increases, is ciaporation of perspiration, and that the rate of evap- 
oration IS clo«oh dependent upon the relative hiimiditj of the air flic 
sen':or\ nerves of the skm gue fine wanung of insiifficicnc} in the 
plnsiolomcal regulation through disagreoahlc ‘sensations which we ascribe 
to inugginess or stuffiness of the air, and which arc remedied, as will 
he seen later, b} air renewal through “veiitilation ” When the cxtirnal 
tcmpi-riture falls much below that of the hodv, atmospheric hiimiditv 
still has predominant interest, but in another direction When the air is 
cold and its humiditv high, the skin lo^cs heat to the moisture b\ con 
duchon which accounts for the peciiliarU chilling effect of damp, cold 
air Hid hastens this loss of licat, oo that it is clear how the wind miv 
make a hot dav more tolerable and a cold one less «o 

Ventilation — Perhaps the greatest clinical <li«oovcrv of all time is 
the empirical determination of the livgionio and therapeutic \ line of the 
open air ^^e are not vet certain of the ph\8icoph\siolOg,ical reactions 
which constitute the virtue of fresh air 

Until recentlv it seemed clear tint the subjective appreciation of air 
punt} was a question of h ng aeiitilatioii It w is tikcn for granted that 
the ‘ bid air ’ of a closed and crowded room exerted its influence through 
a rise in CO tension and fall m O tension within the alveoli of the 
lungs Jloreover, it was held that the expired air contained organic 
excretions which imparted to it poisonous quaiitics In iliort, the dclcteri 
ous effects of respired air were attributed to its chemical qualities But 
Haldane and Pnc&tle} showed conclusuclv that, under a const int atmos 
phene pressure, the tension of CO m the alveolar air remains practicnll} 
constant Ihc slightest increase, in such tension automaticallv stimulates 
the respirator} center to more xi^orous action "a rise of 0 2 per cent 
of an atmosphere in the alveolar CO pressure being for instance, siiffi 
cient to double the amount of alveolar ventilation during rest ” When 
X ptrson under observation was made to rebreathe the air exlialed, he 
felt no abnormal subjective impressions until the CO percentage m 
the air inhaled began to exceed 3 per cent These authors found also that 
diminution of oxvgen in the inspired air produced no reflex effect on 
respirator} rh}'thm niitil its pressure fell to alent 18 per cent of an 
atmospliert, whicli corresponds to an aheolir oxvgen pressure of about 
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8 per cent of an atmosphere instead of a normal percentage of 11 to 17 
(Loewy) It 13 therefore obvious that, as regards its content of 0 and 
CO the alveolar air is not only practically iduitical outdoors and in 
blit that under ordinary conditions its variations mikc no impression 
on consciousness ilany years ago Brown fecquard and B Vrsnuval an 
nounced that the deletenous qualities of expired air depended upon 
poisonous organic matter contained m it They condensed the moisture 
in the breath of animals and injected the fluid obtained into other am 
mals with fatal effects Other observers repeating these experiments 
filled to obtain the sime results Finally the whole question wis sub- 
mitted to an elaborite criticil expenmcntal review m 1805 bv Bilhngs 
^Iitchell and Bergey Tbise authors concluded that the ill effects of 
respired air depended whollv on its temperiture and humulitv and 
not upon its increased content of carbon dioxid or anv oreanic inclusion 
htperiments conducted by the writer, were rrccntlv instituted to de 
termine whether a condition of scn«ittzation could he induced in animals 
hv confining them in jirs ventilated in«uflieientlv for their needs Con 
cluvions were deduced as follows 

Guinea pigs exposed to the rebreathed air, inclnding cutaneous dust 
given off from other guinea pie.S untd >ts coutent ni CO is sufficient to 
cause excessive dvspnoa, manifest in the majontv of eases, vcheii re 
exposed to the same conditions after the lapse of from tweiitv to eiglitv 
davB iti companion with normal control animals an exicerbation in 
rcspiratorv disturbance which sugijcsts aiiaphvlactic reaction 

Though carbon dioxid is the onlv ig<nt m the exhaled air which is 
demonstrated as the efficient cause of dvsptipv its presince is not mces 
sarv to the induction of the cnsitivc state there is even ome evideneo 
that Its presence tends to avert scnsituation ' 

The writer Ins found that guinea pigs sensitized by subcutaneous in 
jectiou of hor c serum arc in n large proportion of ca«es temporanh 
de-sensitized bv exposure in a hor e stable This fact is crucial cvidcnnc 
that protein matter — whether from the skin or lung is doubtful — given 
off bv the horse may, when inhaled hv a guinea pig produce in it im 
uiunolOp,ic reactions 

irom a noteworthy scries of researches performed bv Paul Hevmann 
andlrcklantz under the direction of Flu^?* the eonelusion seems justihed 
that the subjective impressions that we have l>ecu accustomed to ascribe to 
disturbances of lung ventilation reillv dipcnd upon modifications of skm 
Wntilation Ihc observations were inadi ujion men confined in a clo od 
chdnilH.r of three miters capautv provided with an eketric fan Bhcn 
the air was kept in motion li> thi fan the snbjiit under experiment 
rimamcd free from unplta ant sensations iii air vchich nicisured hv 
ordinary standards was excessively foul Blicn the fan was at rest and 
the air still, the person confined in the chamhor soon began to suffer 
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centiin Those ohsenors tested their own tcmptratiircs in rooms heated 
to \irioiis doi^cos Tlio\ found tint the effect depended on the liiimiditv 
of tlio -nr “riuis, after renninino fifteen minutes in a damp room heated 
to 54 4° C (120 0° F ), the temperature of the mouth ind urine was 
37 8° C (100° I ), but in a simiKr oTposiirc in i drj room heated 
to 115 5° C (230 0° F ) to 12G7° 0 (302° J ) , and in which beef 
stoahs wore being cooked b\ the heat of the air, did not raise the tern 
peraturc of the bod} aboie the iiormal ' 

It IS clear that the chief rcgiilitor of the bod^ temperature, as external 
heat increases, is cnporition of perspiration, and that the ntc of tiap- 
orition 18 closth dependent upon the rclatiie humidity of the air The 
sensors nerves of tlie skin gi\c fine warning of insiiffieiencj m the 
plnsiological regulation through disagreeable sensations which we ascribe 
to nnigpiness or “stuffiness’ of the air, and wlneli arc remedied, as will 
be seen later, h\ air renewal through “lentilatioii ” IMicii the external 
tempi raturc falls much below that of the hod\ atmosplienc hiimiditv 
still has predominant interest, hut in another direction Wien the air is 
cold and its hnmiditv high, the skin loses heat to the moisture by con 
duclton winch accounts for the peculiarly eliilling effect of dimp cold 
iir ind has ens this loss of heat, so that it is clear how the wind mai 
make a liot da^ more toltrahlc and a cold one less so 

Ventilation —Perhaps the greatest elimcal discoiori of all time i« 
the empirical determination of the hygiojnc and tlierapoiitio \ahio of the 
open air We arc not yet certain of the ph\sicnph\siolOoicol reactions 
winch constitute the \irtuc of fresh air 

Until rcccnth it seemed clear that the subjective appreciation of air 
purity was a question of Ii ug ventilation It was taken for granted that 
the ‘ bad air” of a closed and crowded room exerted its mflucnco through 
a rise in CO tension and fill in O tension within the ahcoli of the 
lungs Jlortover, it was held that the expired air contained organic 
excretions which imparted to it poisonous qualities In short, the dclctcri 
ous effects of respired air were attnhiitcd to its eliomical qualities But 
Haldane and Priestlev showed concJiisivrJv that, under a constant atmos 
phene pressure, the tension of CO in tlie aheolar air n mains practicallv 
constant Ihc slightest increase in such tension aiifomaficallv stimiihtts 
tho respiratory center to more vigorous action , “a rise of 0 2 per cent 
of an atmosphere m the alveolar CO pressure being for instance, siifS 
cicnt to double tbe amount of aheolar ventilation during rest” ^\lien 
a person under observation was made to rebreathe tin air exhaled, he 
felt no abnormal subjective impressions until the CO percentage m 
tlie air inhaled began to exceed 3 per cent flicse authors found also that 
diminution of oxvgen in the inspired air produced no reflex effect on 
respiratory rhvthm until its pressure fell to about 13 per cent of an 
atmosphere, which corresponds to an alveolar oxxgcn pressure of about 
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Humidity influencf'B the output of heat from the bod^ in two Tcrv 
different wajs It increases the conductivita of the atmosphere for heat — 
a cooling influence, and it interferes with the evaporation of per pira 
tion — a heating influence What the net result will be depends upon 
which of these influences of humiditv is predominant ’ It is pointed 
out that at air temperatures between 68 and 70® F neither high nor 
low humidities have marked physiological effects while the bodj is at 
rest. Ihis, therefore is the optimum range of terapcraluTe for main 
taming the comfort of mhahiteii rooms 

Lee and Scott have recently reported experiments in which it was 
found that in cats coutincd for six hours m a ventilated box where tern 
perature and humiditv could he regulated at will the excised muscles 
at the end of this period showed a loss of work power when the oir of the 
box had been maintained at high temperature and humiditj (91 F and 
*10 per cent) as compered with normal conditions The sugar content of 
the blood diminished 6 per cent under the same circumstances 

The present writer has pointed out as hid M J Ivosenau prcviouslv 
on the basis of experiments in anaphylaxis that substantial evidence 
exists for the absorption by the respintorv tract of protein matter diffused 
in the air with the result of producing profound changes m cellular 
imtahilitv Therefore any practicil view of ventilation which ignores 
chemical pollution of the air is unscicntihc and dangerous 

lluggard quotes from Humboldt a striking description of the pbysi 
ological conditions produced l»y hot, damp climates \Ie had not yet 
been two months in the hot zone and alreadv our organs were so sensitive 
to the slightest change of temperature that through shivering with cold 
vre were unable to sleep and to our astonishment we «aw that our ther 
mometer registered 21 ** C (71 24® F ) A change of not more 
than seven or eight degrees siifliccd to bring aljout the opposite cnsations 
of shivering and oppressive heat 

The temperature humiditv and motion of the air combine to deter 
mine physiologic il reactions of the utmoat significance to the welfare of 
the body Though the discomfort aroustd bv a poorly ventihfed apart 
lucnt mav not as demonstrated be due to chemical deterioration of the 
air nev(rthelc«s the e scii«ations of ill being lo e none of their value for 
hygienic prophylaxis The clinical experience which has demonstrated 
the debilitating, effects of long continued confinement in close air as 
opiwscd to the invigoration attendant on life in tlie open finds explanation 
in the respective influence exercised bv the two environments over the 
general resistauco powers of the body The skin is a peripheral sensory 
organ specificallv concerned in maintaining the hygiene of metabolism. 

The Physiological InSaence of Diminished Barometric Pressure — 
Tho mean pressure of the air at aca level may bo assumed to balance a 
column of mercury 7C0 mm. about SO inches high The total pressure is 



l‘)0 IHI PKINCIPI I & 01 ini)IC\I CriMA10L0G\ 

from tlie lioadaclic, dizziness, fatigue, nanseu, etc , cliarnctenstic of ex 
treme^j poor xentilntion In this condition the piticiit was allowed to 
brcitlie, through n tube fastened in the wall of tlic chamber, pare air 
from outside No relief was ex|ientnccd through this procedure, neicr 
tilde’s, wlicii the fan was starleil and the air put m nctuc motion, the 
person under experiment agiin iKcime coiiifortablo 

I xpcriments h\ Iconard Hill and his collcnguca ha\e confimed 
riuggc’s contention, that the suhjeituc lmprc^slnns aroused b^ hek of 
icntilntion in do'ird spues ire nowise dependent upon tlio cbcaucal con 
stitution of the air bresthed Imt ritlicr on its temperature and its liuinid 
iti, which intirfire witli the heat legulation of the bod> h^ restricting 
transpiration from the skin Ihc profound ps%cliophi Biological influence 
of temperature eeiisitions denied from the skin is further eiidenccdlv 
the ourioiis tact nhscntd b\ ]lo>e*ott and Hnldanc, that when the air, 
whatcier its real temperature, gaic tho impression of warmth of an 
unpleasant kind, tin tension of CO m the lime, became lowered 

Ihej write ‘We think, indeed, that it is one of tlic pliisicnl expressions 
of tho fooling of wnmih and ehickness while tho tjso m the CO tension 
(in tho alveoli) is associated with the gemral exhilaration and stimula 
tion produced bj 'xild air ” 

Kosciiau and Ainoss write “Jlcnediet has kept por>-oii9 in his 
calorimeter hreatliiiig and rebreuthing the siino air with n CO, content ns 
high ns 2 per cent for twenti four hours without disemnfort, tlie oiili 
precaution being to keep the temperature down and to rcmoio the 
moisture ” 

Hough describes an experiment in which a subject was confined for 
an hour or more m an air tight box “The percentage of CO rose to 
50 or more parts per 10,000 "Wlicn the observer opened the door the 
odor of the air within was almost overpowering, and jet, provided the 
water vapor was absorbed and the temperature of tlic box kept dovvTi, the 
subject of the experiment bad not onlj been unconscious of this odor, but 
bad actuallj suffered no discomfort ” In Ins excellent essaj the author 
clcarlv indicates the phvsiological relations of atmospheric hiimiditj with 
rising temperature Wien the air tcinpontiire rises above 70° F , the 
bod\ tempcTature would liecoroe elevated, but for the evaporation of 
perspiration “\\licn, however, owing to high hiimiditj, evaporation is 
lessened, blood nisbed in large quantities to tho skin ni the expense of the 
floiL to other organs the temperature of the skm is raised, and so heat 
transfer bj radiation, eondnction, and comeclion is facilitated The nor- 
mal temptraturt of the l>odj is approxitnatelv maintained, but it is at 
tho expense of tho working cfficicncv of other organs, and cspcciallj that 
of tho brain In these facts we probably find the true explanation 

of the dull, bcaw feeling tho difficulty of attention, and the discomfort 
both of the muggj summer day and of the crowded, ill ventilated room 
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wicli' limit? without protlnciDg obviotis rLiction ^Nevertheless when tht 
partial pressure of ovjgtn fills to a ecrtim level about 13 per eent of 
in itnio phere the tension of the gis in the lung ahtoli is o lowered 
that the bode cell? suffer from the lack of oT>gcn 

Phvsioln^ists ln\e generilh mimtiined that the respinton ovchangc 
lictwcon the iheolar air and the blood w i? rcgiilitcd wLolH b^ the phvsi 
till liw for diffusion of giHs Vtcordmg to this law, a gis must pass 
from a medium where it? teiiMon w> higher to one where it w lower until 
there 13 equilibrium of tension But Ilildatic and Smith maintain that 
the tension of ovvgen m the blood leaving tlw liui^ is much higher than 
that in the alveolar iir and therefore diffusion alone does not evplain 
the p i sage of ovigcn from the iir of the puluionirv alveoli to the blood 
Haldane Doii^Ia? Ilendirson md Vlineidcr submitted the phisiological 
inihunce? of hieh altitude^ to a ( ttebnip init tigifion during a eojoiirn 
of thirt) fiiG dajs on the tup of Pike s P« ik Colorado (elevation 14 000 
feet) They conclude tint ill the 'ital ni>dibcitions witne? cd at high 
altitudes art the nsiilt of one caus , lowcnn^ of the 011^011 pressure 
in the air 

Thpv found, ' after a chmntiaitioii the resting nrtirnl ovigen pressure 
liaj risen about 3o mm of nicnuri above the alveolar ONvgen pressure, 
uhorcas at or near ii level tiu resim^ irternl oxvgin pressure h ni 
higher than the alveolar o^vgen pro sure The raising of arterial o^vgen 
pnssnre is uttribiitalik to s<<.rtt(rv aetivitv of the cells lining the lung 
dvtoh, and is a most important fattor in the nxlimalizaiion On breath 
ifij, air rich in oxvgen thv seerctorv actnitv wis ripidh dimuiidied 
The fundamiiital ignifu iiue of tins dl<,,ed oav^tn accretion coordinate 
With the re piratorv needs of tht l">dv miv well hold the attention It 
has lieoii shown bv Aititz and utbtrs tbit the snlioaidjtion of the ti sues 
risultm,, from a triticil lovvcniv dveolir ow^cn ten ion is accom 
paiiiid bv the aociunulatiou of ai id sub tamos espctialh of lactic acid in 
till blood 'Ihcst acid &u1stinccs in the blond stimiihte the rc«piratorv 
center and lowtr its thrcslnld of irritabihtv fur CO so tint the cen 
ter IS cvcitcd to work umUr the tiniiiliis of a hiwer tcii'jion of CO in 
the llord than would iiormillv Ik* tffietive 

It Kellis prohahle tint tins n-ctilxlu di turl nice which is pirtieu 
larh proiK to illicit ncwcimcra in lu^h dtitudcs is dircttlv n ponsihk 
fjT mam of the phi iiomcm cl moiinlain sickne^t Jlountnm sukness is 
a curtoiis svmpt im-eomi h x innnif ted in various degrees 1 \ pia pic who 
mount coinparativeh siiddciilv to lii^li dtitiidis In buropi tin disirdcr 
' said to e iiunuiilr immfist itself at «Uv itivus a liw ns 0 ‘•Otl ftcf 
In Viiicriia the cnticil level Mims tj be cuisiderabh higher flu sub- 
jective snuptom an those of dv pm i i pecialH with exertion and a 
fccliiu of oppression in the rbe t 

Ib gust fur food and niu 1 1 leidm^ to vomiting give name to the 
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the sum of the partial pressures of all the components of the atmo phere 
With elevition abo\e sea le\el the fall in the barometer is measured h 
the mass of air left below The rate of fall is approximately 1 mm Hg 
for e\erj 40 feet of asceut in free air, or 1 inch per 1,000 feet With 
ascent the rolatixc proportion of the coubtituent gnscs is maintained, ex 
cept tint the uater\ i ipor is ehieflj confined to the lower Ie\c]s Alere 
difftrcnec in atmosphtrie pre snres ippenrs, withm wide limits, to bp 
indifferent to liMiig beings The tension of tbe gases di«sohc(l in tlip 
liodv fluids soon balances that of the surrounding air, so that the ph\sio 
logical phenomena of a rarefied ntmosplierc cannot be properly ascribed, 
13 so often IS done, to a suction pump effect upon the pnlmonars appara 
tiis although It IS true, a gi\en amount of gas confined m the intestines 
expands in proportion to diminution of external pressure 

The importance of tbe time element m tbe adjustment of interm! to 
(xtcmal gas pressure is well illustrated in the phenomena of “cais on 
disease ” In subaquatic eonstniclions workmen in exis«on8 are sometimes 
subjected to air pressures of three or four atmospheres On returning to 
normal conditions, if the decompression is too rapid, peculiar ssroptoms, 
tingliUj,, cramps, etc, art oxpt ricnced, and paralysis or even death may 
ensue Poslmoriem examination shows that air cmtoli arc «ot free in 
the central nemous sxatem, leading to “necrosis in the region of the pos 
tenor and lateral columns of the cord, especially in the cervical region” 
Such pathological results are avoided bv slovr decompression covering a 
period of oiu to tvyo hours The physiological effects of high altitudes are 
probablv all to be explained by the lowered pressure of oxvgen, and possiblv 
of carbon dioxid also, in the alreoli of the lungs In the dry atmosphen, 
at 7b0 mm pressure, the partial pressure of oxvgen is aWt 159 mm 
That of carbon dioxid is negligible 

Ziiiitz and Loewy * analvzcd tbe air expired by human beings and 
calculated that the composition of alveolar air varied between the follow 
mg hints oxvgin between 11 and 17 per cent of an atmosphere, car 
bon dioxij between 3 7 and 5 5 per cent of an atmospberc Or, in terms 
of tension, the partial pressure of oxygen ranged between 83 6 mm Hp 
and 129 2 mm , while that of cirbon dioxid varied from 28 1 mm Hg 
to 41 8 mm Attention has alreadv been called to the demonstration bv 
Haldane and Lis associates that under ordinary conditions, the partial 
pressure of CO m the pulmonarv alveoli of a giyen person is remarkiblv 
constant A yery slight increase m the CO tension leids to hyperpnea 
ind exaggerated elimination of CO_ from the body while, on the con 
trary, a lowering o± CO tension induces phvsiological apnea, or re pira 
torv rest, and consequent accumulation of GO m the bodv That is, 
CO IS the normal stimulus of the respiratory center On the other 
hand fluctuation of oxvgen tension in the alveolar air may occur within 
■ nowell VV H Textbook of P^sioloBy 190i 
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widi limits AMtliout producing oliMoiis ruction ^c\ertlj£’le3s ^hen the 
partial prc sure of o't%j.i.n falls to a efitain lescl, about 13 per cent of 
an atnio'iphere the tension of the gas m the lung alveoli is so lowered 
that the bod^ cells suifer from the lack of oxvgen 

Pin Biologists haie g«ncrall\ intmtimeil that the rcspinton exchange 
bttwctn the aheolir air and the blood was regulated wliolh b\ the phvsi 
cal Idw for diffusion of ^tse \i.«»rdinj, to tins law a gas must pass 
from a medium aahere its ten loii is higher to one where it is lower until 
then is eqinlihrium of tension Bnt Haldane and Smith mamtam that 
the tension of oxvgen iQ the blood leaving the Uings is much higher than 
tint m tilt nhiolar air and therefon diffusion alone docs not explain 
the pi sag^ of ox\gtn from the air of the pwhnonArx aUcoU to the blood 
Haldant Doufilis Ilondir on and Sr hneuU r suhiniffcd thi physiological 
intlueners of hvli iltitndes to a s^tnUin^ mvcstij^ation during, a sojourn 
of tliirt' five liaxg on tlit top of I’lkt a I eak, Colorado (eh ration 14 OOO 
Act) Thf\ conclude that all the vital modiheatious witnessed at high 
dtitudes «TC the result of one causi lowering of the oxygen prossun. 
in the air 

Thev found, ‘after ncc)imtitis.itiou the resting arterial oxvgen pressure 
had risen about 3a ntm of tncr<.urv above the nlteolir oxygen pressure 
"htreas iit nr neir ta le'il tin nstiii^ aruriol oxv^en pressnri. is no 
Injshtr tinu the alveolar oxvgen prt» iirc The ntsing of arterial oxvgen 
presmrL is attributable to sccrctorv a<imtv of the tells lining the lung 
ahwili and is a most important ta<t->r m the atchmatizUion Oii breath 
mg air rich in oxvgiii the Mvrctorv netnitv was rapidh dimmi hod 
llic fuoJimciital si^nifitJiKi of this Uh^id oxvgtu sctretion eoirdiiiate 
with till rt piraton metis of the I »d\ mav well hold the nttentiou It 
has been shown bv /iintz anl «tb<rs that the sulmidation of the tissues 
rtsiiltiiig Inm i critic il lowi.ntv 'f xl\< dir oxi^in tension la acconi 
J lined hi the AcniiiniUtioii of acid suh ttiKis e peualli oflicticacid j» 
the blsod Till c acid nb tames in tin blxxl timulatc the rispiratori 
euiter and lower its threshold af imtahiliti for CD so that the ccn 
ter IS excited to work iimhr flu stmuilns ef \ lower tension of CO in 
the blood thin would normillv be effi tiie 

It sctins pnbablc tint this nitiUh di tnrtniiec which is particn 
hrli pnmn to iffeet npwisnnrs in hifh nltitiides u direclli ri pmsiLlp 
f>T main of the plunomciiJ ri mnunlaifl tulnt x Jlonntain sickness j« 
a iiirious siniptoin-compbx iniuifi ted in \«nous dc,,iTes hi peoph who 
inoiiiit couip iratuili smldenU to h^»h iltitndes In I urope the disorder 
»5 Slid to cominnuli iiiinifist itself at ileiitions ns low as 0^00 feet 
In \m(rKa the critic il leiel scams ti la i msidenbli ingher llie sub- 
K'tiK simptoins an tbo c of dispnei cspeciOli with exertim and a 
fiTliiig(fofpres ifiiinthcchist 

l)i gust for ffHd ind nau ex le\dm{, to lonuting guc narao to tUc 
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disorder Tbo sufferer is absorbed in lus own misery, and the mental 
disturbance may proceed to temporary alienation The shm and lips 
are blue, the circulation and respiration distressed, and the sliglitpst 
e-scrtion exiggentes intolerably all symptoms The inhalation of oT^gen 
gas reliPies at once, for the time, the morbid condition After a quiet 
sojourn of two or three di^s at the altitude provoking the sickness, the 
body usuall} becomes accommodated to the new conditions, and a fair 
amount of exertion max be taken without undue distress Cyanosis of 
the skin disappears, the lips again become red, and pul«c and respiration 
return to about normal A rexiew of tlic literature on mountain sickness 
xvould reical a curious multiplicit) of expUintions for the di«ord(r The 
dogmatic statement ma\ he xenturod that the final cause of the sjanplom 
complex lies in an inadequate oxxgon supplx Haldane and lus colleagues 
on Pike’s Peak found that, ubon samples of the xenons blood were shaken 
up xTith air driwn from the alveoli of the lungs, the blood remained 
dark, although, at the same time, the arterial blood must baxe been bright 
red, ns shown b\ the color of the lips and mucous membranes of the 
subjects Tins experiment indicates both that the o^vgen tension in the 
alveolar air was at least no greater than that m the blood from the right 
heart, and also that actixo absorption of oxvgen by the alveolar epithelium 
must occur under such conditions 

Clinical experiences have led the writer to suspect that an important 
factor, if not the intenial exciting cause, in mountain sickness lies in 
ciTciilatorv disorder resulting in accumulation of blood in the venous 
^vstem through inefficient cardiac action, proceeding to dilatation of the 
right heart, and, m extreme cases, to insufficienev of the tricuspid valves 
It IS casj to believe that anoxemia would carlj depress the cardiac func- 
tion This would lead to plethora of the lungs and general venous svstem, 
and provoke the s^miptoms characterizing the disorder Unfortunately no 
opportunity has vet occurred to trv out this theory experimentally, as by 
a study of the jugular and liver pul‘sationx 

Physiological study of persons and animals removed from low to high 
altitudes shows a profound alteration in metabolism, especially of the 
hemopoietic svstem The ab-nlutc and relative amounts of hemoglobin 
and of tbe red blood-corpuscles ire greatly increased at high altitudes 
Zuntz and his colleagues working on 3>Iontc Eosa, altitude 14,060 feet, 
showed that the activity of the red bone marrow, as shown by its hyperenna 
and increased number of nucleated red cells, was accelerated by low 
barometric pre sure The number of red blood corpuscles has been found 
to rise from 5 000 000 at sea level to 8 000,000 at about 14,000 feet 
Tbe hemoglobin increases by 20 to 30 per cent or more under the satne 
Conditions 

Haldane and his coworkers made a critical study of tbo blood as 
affected by barora* trie pressure They found that “the percentage of 
hemoglobin increased for several weeks on the summit of Pikes Peak 
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and \aricd m \anous acclimatized persons from 115 to 151 per cent 
“1 he number of red corpuscles incrca ed parallel with the hemoglobin ’ 
high altitudes sjmptoms of anemia ina> attend a beinOj,lobin per cent 
that 13 normal for sea lc\el 

Much of the work that has been done in this field is held by Burker 
and hi3 associates to sufier from defects m method These obseners 
maintain that the increase m the red blood count for moderate elevations, 
up to saj, 10 000 feet, is much less than has usuallv been asserted 

Abdcrbalden and others have considered the altitude pnUothemia to 
bo the result, not of increased blood formation but of blood concentration 
from excessive evaporation Anotlier view assumes that under low baro- 
metric pressures there is an unnsinl accumulation of corpuscles m the 
peripheral vessels from which estimations are made Ihe excellent work 
of Lnevenhart and his colleagues stem to have disposed of these doubts 
as to the existence of a true altitude polvcvthemia and the active stimu 
lation of the blood forming organs through reduction m the partial pres 
me of oxjgcn 

Txjevenliart confined rabbits m ventilated boxes in which, while tho 
total birometrio pressure was kept constant the proportion of oxvgeu 
was widclv varied It was foun I tliat nndir thee conditions, low 
ermg the oxjgen tension produced blood cli mgis annilir to tho e realized 
when a like fill in oxygen pressure was due to elevation above sea 
live! 

Reflecting on the reason for tlicsc changes in tho blood at first view 
there might seem a psndox of niinre iii the pnivision of an rxie s of 
oxygon-carrying material in proportion to the diminution of oxygen to 
be earned On the other hand the conception is incontrovertible that 
the hemoglobin of the bod\ is not onK a earner but a storehouse for 
oxygon and the excess or luxtis of this stored oxygen must be greater 
the lower the oxvgen pressure in the alveolar air m order to meet the 
demands of muscular activitv Tlic relation of this rcspiratorv factor 
of safety to the nutritional demands determining n physiological dietary 
touched upon in a preceding section is not without suj^n^stivcness Bar 
croft and Ring have expcnmentallv demonstrated the probability of 
hemoglobin sening in certain lower annual as a storebouse for oxvgen, 
which 13 given up to tlic tissues as emergencies arise The dissociation 
of oxvgen from its carrier is greatlv aeceleratetl with rise of tempera 
turc and it is highly probiblc that the elevation of temperature occurring 
in active mu ehs is a d< finite devio of natiin. to mike loose the oxygen 
when needed 

^8 regards the colorless corpu elcs of the blood G B I\cbb and 
bis associates at Colorado *'prings altitude f 100 feet find that there is 
a relative and ab-olutt incnasc in the miml>er of Ivunpbocvtes, incliid 
log t pecially the largi mononuclears in the blood of persons removing 
from lower to higher altitudes Thev find that the proportion of lymplio* 
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cytts ns(s from -mj '\\ 0 ngc of 37 per cent -it sci le\el to 44 por cent nt 
Colorido Springs, niid to 54 per cent 'll PiU s PcjL 

0 jr Gilbert of Boulder Colorido, Ins rcpcited thesi. olKpnatiois 
nt lanons altitudes earMng from 0 000 feet aboM. to 120 fi-ct belou 
sea let el (in the Silton Sink of California) lie found the highe t ratio 
of hTnphoc\tes (4 1 '» per cent) in the blood of persons residing below 

ta Ictel At Boulder, elcMtion 5,3S0 feet, the proportion of hinplio 
(%te3 ttas 43 G pir <ent, at PliiriiiT, Arizona 1 100 feet 41 per cent, 
It Gold Hill and Ward, Colorado, 8,»»00 to 0,200 feet, 40 5 per cent, 
It kiirora, Illinois 500 feet, JS b per c»-ut In short the results indicate 
tint the hmphocttosis is not i function of altitude per «c hut of sonic 
other factor 

Jinet H Clark refi rs to the Ivmphocitosis excited under certain ultra 
Molet rava, and po^sibh the cxct«3 of the crus in the sunlight of special 
regions completelv cxphins the niciiliolic change 

Insolation — In hi^h oUiiiules the intensity of in elation is greot le- 
cause the air holds but little moisture to al)«orb the nse, for the «aine 
rea on, the licit radiated from the cirtb is not retimed near the snrfaci 
but pcnctntts to upper Uiels There i« great difftrcntc aecordin^.!' 
betwieii the temperatures of di\ and night, and between siiu and shade 
In uniter in int did mi\ sit comfort ihl\ in a 'olir ttinjarnture of ''6® 
to 100® F , nhilo a thcrmoiuctcr hung in the «hiile within arm's reach 
registers below tlio frcezin-, point As it is the sliortcr waio-leiisths of 
olar tnergv which arc subject to atmo phene ab orptinn, the light of 
elevated regions is peculiirlv rieli m the e ehemical ri\s The inteii o 
ilUminiatiou is prohabh InrgiK responsible for the restle sm a and irri 
tabilit> witnessed lU unacclimaled persons at high altitudfs 

Ihe pin siologieal and psyelin influenec of light mikcs it a chimtic 
factor Alajor C E A\oodniff chirge« the intense «oljr illiiminitioii 
with the cmN, C8pociiJl\ of the nenons sistem winch make difficult 
n sidcnce of white people in the tropics 

\ccordin{, to him light is the importint asrent m the prodintion of 
neunsthenia and multif irions allied nenons disorders, uiul persons of 
blond complesion are espeeialh subject to its cmI infiiiences It setW5 
highh probable that the debilit iliou indiieed in tin tropics is due rather to 
the coinhincd inflinuces of hiat and humidit% than to exces-^nc illununa 
tion Lip,ht IS indispeiisibk to nornnl life, and, if its exec s leads to phrs 
lologic disturhaiicc, it becomes all the more impcratne for tbo climati'’ 
tlierii>cutist to consider this ijent Rpt<ifaeillc in hix recommendations 

1 lie radiant einrgx of the aim is nndoubtidh a powerful pb\«ioIoeieal 
stimulus, capiblc of working either good or harm to the hod% IIclio- 
ther,ipN is in an tnipincal st4j,e ^utli txprnences as those of Iiollier 
111 the cure of surgic.il tubtreulosis under sunlight de erre critical con 
firraation ehb correctU uigo caution in the application of the method 
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Ihe writer ®aw obi of liis patients wLo had apparenth cured himself 
of a severe ulcvrative tuberculai laryngitis l»v the dail^ applicitioii for a 
few minutes, of siinli Jil to his lirvna The light vv is Rlkttid hj a pur 
of polislud mctil mirrors and gnided hv a laryngoscope It w is presiimeil 
tint the ultraviolet ri\s prohahh ixtcssivc lu the t nlindo sunlight were 
the efiii lent igent 

Ihc study of the \itil reictioiw to li{^it atul tspcciallv to ultraviolet 
rms, has l)einme an. important and rapidlv developing hran h of pins 
1 logical phvsics Edgar Alavtr liis broiiidit tOpither much inform ition 
on this subject from the therapiutic viewpoint 

Under certain conditions visible light a snmes as drastic a phvsi 
olopiea! r lo as tlic iiltriiviolct rns As iiotnl bv Airs Clark it is 

possihh to sensitize Iniug coll jw t sa one scnsvtvzcs a photograplm 

plate, imd produce au abnormal conlitioii in which visible light is as 
active as ultraviolet Ihis pheiioracnoii has been cilltd pbotodvnimic 
ecnsituatioii Altliougb • griat minv substances acnsitizi m vitro 

niilv co«!u chlorophvll and icrtuii derivatives of hemoglobin have so 
firliiii fmnul effective m viv > and the ouK inarktdh effective sensitizer 
for higher animals is hcmatoporphvnn This sub tonce is derived from 
liimatnibv removing the ir< n It h sud tint trices of hemitoporphvrm 
ii’cur normillv in the uriui but tin ijuaititv bctomcs sigiufacaiit after 
the abuse of lertim Jn»_ as sulplnnd and tnonal and in some people 
It IS cxerctul without obvious < iu i Sieh per ons are sud to he ev 

cifdmgU sensitive to lir,ht upon th< kin \n niiimnl mnv Ixs whollv 

un ilTcctdl b\ tin injeetion < f li mat if irpUvnn in the dark while it mxiii 
8ii( Climbs to a much smith r do e if lu iiiit lined in the Ivht HauMnaim 
mje ted whit* mice with it nnd toiiiid 001 grim hirmless in the dirk 
while 0 00> gram will Iwin^. on unit wwiploins in the light There 
is a mirkrd but tcmfOrirv livpi riiuii of the ♦ irs uneandtul anil after 
a pcrinil of great iictivilv lli inimil iHeimfs quiet shows ehspnei and 
dies lu one to three hours 

Such facts as thf«e su_,.e t » lint of investigation which niiv pve to 
light ail iinportuie* in nudicil climitaleigv luthert*) undrt inicd of 

It has ivlreidv Ixtn stiteel tbit (rnv/ « rnliire tike the hr t rink in 
elcterimnni^ the pliv loKgital rilatinm ef cliinati Ihit it has lung been 
clear that the of licit, or sin illi leiup* ratiirr iniv varv widch 
from the air tuiipiritiire as mcanr-d bv the ordiiiirv thirmomrtcr 
Iruft-sstrAf \l Ilarnngfoii f >rni< r ( kii f of the L & IViathrr Jhirtaii 
was ajipireiith the first to ileliiiittiv point out tint the in itions of 
t(nii>critnr* niu raueh mm ni irlv piriiki to the rcidings of the wet 
lulb than of the dn 1 nib thinnimetir 

Acei rdiii^h m drv nir in which the host of tlic Ixulv is earned awav 
by evaporation or perspiration tlie weather iniv be comfort iblc when at 
tin suno air tenipriUim in a humid iMalitv the heat would lx oppn 
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cjtcs rises from an wcT'ipfi of 37 per cent nt son level to 44 per cent it 
Colondo fepniifcs, and to 54 per cent at I’lko s Pc ik 

O Gilbert of lionldcr, Colorado, Ins rcpcitcd tiicse obsenalions 
at virions altitudes vurvin„ from OjOOO feet above to 120 feet lehw 
SCI level (m tlio Salton Sink of Cnlifoniia) Hi found tlic Iiiglieit ratio 
of Ivinpliocjtts (41 5 per cent) in the LIoihI of p(r«niH lesidiiij, below 
SCI level At Bonidor, clev ition 6, 'SO feet, tlie proportion of Ijinplin 
c>tcs VV13 42 0 per tent, at Phipni^, Ari/oiia, 1,100 fcit, 41 5 per cent, 
at Gold Hill and W ird, Colorado, 8,300 to 9,200 feet, 40 5 per cent 
It \nron, Illinois 500 feet, 38 8 per cent In short, ibc results iiulicitr 
tint the Ivnipliocvtosis is not a function of altitude per sc, but of seme 
other factor 

Tinct II Clark refers to the Ivinphocytosis tKcited under eertam ultra 
\ lolct ri}8, and poasiblv the cxct^3 of those rivs in the Biiiiliglit of special 
rtjjioiis coinpleti 1\ c^pl tins the inctnliolic ch «j„o 

Insolation — In lii^h altitudes tli< uiteiisitj of in olutmii is ^.ri it h 
euisc the air holds but little moisture to nl>«orb the nvs, for the bw 
rtisori, the heat rndntod from the cirth is not retimed near the siirfaci, 
lint pciictrutis to upper levels lher< is greit diirtnnce, aicordiiiRh 
between the teinpentures of dn^ and w^ht, and between sun iiid shade 
i n w inter an iiiv did mi\ sit coinfortibl^ m a «oI ir tcinjK ritiire nf ')0® 
to 100® r wbilo a thennomefer hung in the slnde within arms reach 
registers below the freezing point As it is llio Bhorter wave-lengths of 
solir enir„v which ire snhjiet to itinosphirie absorption, the liglit of 
elevated regions is poculnrl^ neh in tin sc “ehoniieil’ nvs TIio intense 
illumination is piobibly largilv res]iotisih]e for the rcstkssmss and irn 
t ibilitj witnessed in unacclimated persons at higli altitudes 

Ilio physiologied and psychic iiifliifnie of li^ht nnkos it a climatic 
factor Jlijor C I Woodnill cliii^ea the intense solar illumination 
with the evils, csprcnll^ of the nervous svstem, which make diflicnlt the 
residence of vvluto people in the tropics 

According to him, light is the import int ar,eiit in the production of 
neurasthenia and multifarious allied nervous disorihrs, iiid per ons of 
blond compic-vion ire cspcci dl^ subject to its evil influences It scenia 
liiglilv probable that the «h hihfutiou iiidiired iii the tropics is due nflicr to 
the combined influences of he it and liiiiiuditv, than to excessive illiimini 
tion I iglit is iiidispi ns ibh to liomid life and, if its exec sleadstophvs 
lologic disturbance, it liceoiiies ill tlic more luiperitivo for the climatic 
flnra|KUtist to consider tins BiHcifitdlv iti bis reconimend itiona 

liie radiant cnergv of the buu is uncloiibtedlv n powerful phvsiologicil 
stimulus, capable of working, either good or liarin to the Ixidj lltho 
llitrapv IS lu an cnipiried Bti^e fcmeh expenenets as those of Itollicr 
III the cure of surgical tuberculosis under sunlight, deserve critical con 
firniation Webb corrcctlv urges caution in the application of the method 
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to a condition known as pnfumonoJcomosu Fibroid changes are induced 
bj irritation from the foreign particles and considerable areas of the 
lung tissue nia\ be replaced b\ solid nodules, or masses of decplr stained 
fibrous tissue Chronic bronchitis and emphysema are the characteristic 
clinical sequences The familiar miners consumption’ is anatimically 
a pulmonary fibrosis In the lungs of a stone-cutter, forced to abandon 
his occupation on account of increasing dvspnea, the X ray plate showed 
nie dense shadows radiating from masses at the roots of the hing« and 
involving the greater portion of the oigins There was no ciidence of 
tuberculosis in this case lungs so affected seem to lo«e much of their 
normal immunity agiinst bacterial infection In the tnmiiig regions of 
Colorado it is not uncoininon to find superb athletes suddenly succumbing 
to an intractable form of pnlmonm tuberculosis It is not improbablo 
that the high mortality from pneumonia witnessed m similar districts 
18 likcwi c associated with dust inhalation The intimate effect of in 
organic inclusiona on tho \ital resistance of the lungs is emphasized by 
I il Anders, who quotes S<.orfield8 observations on occupation mor* 
tafitv in Sheffield the death rale of grinders from phthisis is mon, than 
8« times, and the death rate from other respiratory di«ea«C8 nearly three 
times that of the average male whilt the death rale of cutlers from 
plithiMS 13 ncarlv three times and from other rcspiratorv disca es nearly 
four times that of th« average male ’ Tlic qualitv of the foreign matter 
inhaled seems not to bo indifftnnt thii« occording to Osier coal minors 
are not especially subject to phthisi In his experiments on dust Tvn 
dall found the air exhaled toward the end of expiration to be free from 
solid particles, a fict sigiiihcaiit of the amount of dust that must he 
retained In manufacturing centers the smoke from burning coal com 
posed chiefij of carbonaceous particles with n considerable content of 
CO and SO probably has importmt relations to the public health Tho 
Bulphiiroua acid is capeciallv irritatin., to the k piratorv mucous mcm 
brane Lndcr tli* action of oxvgcn and moisture it becomes converted 
into sulphuric ncid F Sihacfcr calculates that there are daily dis 
charged from chimncvs into the air of London about 300 tons of soot, 
00 000 tons of carbon dioxid and 2 700 Iona of sulphur dioxid 

Tlie«o bodic arc all much heavier tliin air and tend to settle Tlio 
solid pirticlc* at leist form foci for the condcn«ation of miisturc, so 
that foga impregnated with (he gases of combustion are readily generated 
‘statistics show that morbulitv and mortalitv from re piratorv di«ca«C3 are 
grcatlv increased duriii" In aw foas in manufacturing districts It has 
been calculated tint steel du«t from the brake-shoes of moving trains for 
mcrlv permeated tin air of the Xew kork subwav to tbc extent of one 
ton in a mik of the tunnel 

Tl>» flgurfs irporlcO ji obsblj sIiouM In. modillcd tie resoU o( the »ppl «tIon 
(if smoVe eonsumi g ilerirce. 
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sue Wind movement grc^tlj enlimccs e\iiporation and tlie cooling effect 
of drj air Isotherms plotted from readings of and drj hulb ther 
mometers, respectuel^, differ widelj in tUcir course, and i\e find a phvsi 
cal explanation of the coolness felt on entering the sliadc on a summer s 
daj in and regions In the -winter, bj reason of the lo-n humiditj, little 
heat 18 lost to the hod^ b^ coiiduetion Therefore, resorts in elevated 
regions tend to seem much cooler m summer and warmer in -winter than 
places on the same parallel near sea level 

Professor Clc\ eland Abbe points out that different individuals re- 
spond aariouilj to the same plusical omironment, as does one and the 
same person at different times, as before and after eating Observing 
Ins own sensations, -with the wind blowing five miles an hour, he noted 
the following results 


iNomnuAL Reaction to Piivsical Emtroxmem 
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111 Ills recent studv of the influence of climatic factors on human 
efficiency in its broadest sense, Professor Huntington gucs the pre- 
eminent place to temperature He writes The law of optimum tempera 
turo apparently controls the phenomena of life from the lowest activities 
of protoplasm to the highest activities of the human intellect ** 

In an essay like this it is impo-iaiblc to give a detailed discussion of 
the modification of phvsiological functions induced at high altitudes 
The monumental works of Piul Bert of Mosso, and of 7nntz and his 
collaborators, together with the researches which liavc been cited here, 
represent the essentials of our present knowledge of tlic subject 

The scitnce and art of avntion is developed m flie late War do not 
appear to have, as vet, added much to our knowledge of high altitude 
climatology It was found necessarv to subject candidates for aviation 
to elaborate tests as to tho celerity and range of their physiological accom 
modation to the conditions of high living 

Dust and Atmospheric Impurities — Inipuntits in the atmosphere in 
the form of dust and noxious ga<»es, not to speak of bacterial and other 
contaminations, have undoiibtedlv great though little investigated, effeot 
on human health The lungs are the organs specifically affected The 
solid particles inhaled to a greater or less extent, penetrate the bronchial 
mucous membrane and arc distributed thence by tbe lymphatics, leading 
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But tlie mental state is still refractiiTV to mallieiiiatical exposition, and 
practical tluiicians are tiirmn^ back to tliat viewpoint of life from wbieli 
the mind is regarded as an escr acting and often predominant energy in 
pliisiolojjical proco ses 

Madden airites ‘‘IIic Stagsnte wbo knew all things and treated 
of them and some others, mikc« excellent observations on the mdispen able 
ncccssitv of sfrenitj of mind hopefulne s and esen chccrfulne « for 
health of BonI or bodv AMieii the change of climatic stimuli relieves 
ennni awakens an interest in nitnre or excites 7e^t for mental effort 
it tends to produce that cheerful scrcnitv of which \ristotlp recognized the 
lahie The principles of climatic treatment are founded on psychologi 
as well as phjsiologj 

ApItlOVTION OS ClJMAlE TO TiEATJIEVT OP DlSEASB 

It would seem at hrst sight cas\ to determine from empirical ob- 
senatinn the climatic conditions remedial for various patholopcal states 
Ihit experience hows th it Kiichts which had opparenth been originalI> 
derived from the elinnte of x»inc dchiiitc loialits finallv cca <d to reward 
the potkers of health so that factors other than those of climate wen 
brought into consideration Insorts for (lit tulxruiilons for cximple 
that once seemed saliitari lnve time and nguii diiclopcd into hotbeds of 
the disease No fair estimate of t le pbisiol vieai infliieneo of the tropics 
can be made until infeitions incident il to the hot zone are under sanitarv 
control In short, the can es of di i4s< must bo understood before a 
seuntific application of climatic iheripcutica can be hoped for 

kgain, iiniiece sirs olmiirits has biiii thrown arouml the subject of 
physiological climntolojjj i/ the frequent fnihire to recognize that, in 
e\cr) place mans of the phssual factors of climate are suhjeet to immcdi 
ato artifieial change to a decrei whuh it would require long jouniees to 
rcalizp bv gcopaplucal means rcmperature humiditv, air movement, 
insolntion, ore largeh suhjeet to artiheiil ngulition 

riie one di eise involving eonsidiritnu of cliraatologv is tuberculosis 
Tuberculosis — Mheu tiu pitho,.eiiic organism of tuliereulosis was 
dispoeored, the last doubt vias removiil os to the rea on v\Lv resorts winch 
ongmallj seemed fivorable to rreoverv from the disease so often proved 
later to Ic dincvr spots fur its acipusition 

Pace the claims for the mnodial powers of tuberculin the vears have 
vieldid lilt on( uidi pen able agint in the prevention and cure of tuber 
lulosis — the open air It is eiinoiis biw little the cmditv of tins clinical 
till ling h IS Ueii reluieil \\t havi bn n at a loss for definite explanation 
of the livgieinc virtues of op*n as rompircd with closed air lltfomng 
to n preenjing di cus nn on the pbvsiologv of vcntilitnn the contention 
of Hiiggi seems sustained, that the morbid stn ation through which wc 
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White and Slnie\ found it extromclj difficult to estimate the morbific 
mfliuncc of smoke in the air of minnfactuniig centers They conclude, 
howeycr, th'it there is a genenl tendency of the tiiherciiloais death rate 
to riae as the mimber of smok^ days in the citi decreases, there is i 
general tendency for the mimher of deaths from pneumonia to fall as the 
number of smokj dajs in the citj dccreiaes ” 

It IS obiions in estimating the hygienic relations of atmosplicne nn 
purities that these should he primarily diyidcel into two groups according to 
their solubility or insolubility m the kidy fluids To the first das , 
including sulphuric acid, etc, we might perhaps oypect relatnolv acute 
physiological response Tlie second class operates slowly through stnic- 
tural alterations of the lungs rnanifostcd as more or less eytensiye pneu 
monokoniosis 

A J Lanza of the National llciltli Council, has analyzed the data 
presented by miners consumption” as it occurs among the aaorkers m 
the Joplin mines of Jlissoun The mines produce lead and zinc and 
the offending dust is siliceous from powdered flint Elmers’ consumption 
IS duo to the deposit in tlic lungs of solid particles, the irritation of avliicb 
sets up a progressive fibrosis The carlv symptoms of the disorder are a 
gradually increasing dyspnea on crertion, diminished respiratory erpan- 
Bion and pains in the chest Many of the victims c'camiiied had been at 
yvork. for ten to fifteen years, but it yvas not uncommon to detect signs 
of silicosis in those yvlio had yvorked lc«:s than a year in the mines Sooner 
or later the subject of mulcts’ consumption is prone, to develop either 
tuberculosis or pyogenic infection of the lungs or botli Out of 720 miners 
examined bv Luiza 4-33 had miners’ consumption and of these 103 showed 
tubercle bacilli in the sputa Ihc numerous X ray pictures of the chest 
which illustrate this research arc strikingly suggestive of the plates oh 
tamed in pulmnnarv tuberculosis of glandular and brondiial type wiA' 
bilateral distribution of discm In advanced cases the grcit raa« cs of 
shadow, y\hich arc visible on the X ray plates, can be distinguished from 
those of ordmarv fubtrtulosis only through the lack of «igns of cav itation 

The hygienic importance of this subject must be grtatlv enhanced 
when, to the inorganic diiat, arc added putre^ciblo substances and patho- 
genic microorganisms iloreoyer, if the conception of atmospheric pol 
lution IS broadened to include not only inert suspensions, but the li' i*'" 
insects yvhich transport infections matter, control of the purity of the 
air must banish much of the disease whicli now afflicts mankind Wind 
and ram are the natural purifiers of the air, as regards accidental con 
taminations 

The Psychology of Climate — ^Tlic dcmowstration witluu the past half 
century that the law of the conseryation of energv applies to the inctah 
ohsma of the liv ing body led to a mcdiauical view of vital processes which 
only incompletely represents the forces that control the human hiing 
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But tbe inciitil state is rtfractory to mathtmatical exposition and 
pncticil clinicians are turning bacE to that >iew point of life from ivhieh 
the mind is regarded ns an ever acting and often predominant energy m 
phnsiologicdl processes 

Madden writes llie Stag^nte, who Liiciv all things and treated 
of them and some others mahes excellent ob&enations on the indispensable 
neccssitv of screnit\ of mind hopefulness, and e\en cheerfulness for 
henlth of soul or hodj ’ Uhen the chingc of climatic stimuli relieves 
ennui auakins an interest in nature or excites rest for mental effort 
it tends to produce that cheerful serenitx of which Aristotle recognized the 
value The principles of climatic treitment are founded on psjchologv 
as well ns phvsiology 

AplLlCXTlUV OF CiaUXTE TO Tl EATMENT OF DiSEASE 

It would seem It tirst sight easj to determine from empirical ob- 
servation the climatic conditions remedial for various pathological states 
But experience shows that benefits which bad appircntlv been originally 
derived from the climate of sonic definite loealitv tinallv ceased to reward 
the cekers of health so that factors other thin tho e of climate were 
brought into consideration Peiorta for the tuberculous for example 
that once seemed salutarv have tune and again developed into hotbeds ot 
the disease No fair estimate of the pbvsiological influence of the tropics 
can be made until infections incidental to the hot zone are under sanitary 
control In short the causes of <li«ease must be understood before a 
scientific application of climatic therapeutics can be hoped for 

Again, unncce arv oh eiiritj has lieu thrown around the subject of 
phvsiologieal climatology by the frequent failure to recognize that in 
tverj place man} of the phvsical factors of climate are subject to immedi 
ate artificial change to a decree which it would require long joumejs to 
realize bv geographical means Ttmpcratun huraiditv, air movement 
insolation are largelv subject to artificial regulation 

The one disease involving cinsideratim of climatology is tuberculosis 
Tuberculosis — Mhcn the patbOe«nii, organism of tuberculosis was 
discovered the la«t doubt was removed as to the reason wliv resorts which 
on^inall} seemed favorable to rtcoverv from the disease so often proved 
later to te danger spits £ r its a qnmtion 

Pace the claims tor the remi dial powers of tuberculin the years have 
jieldtd but one indispciisaHe agent in tlie prevention and cure of tuber 
ciilnsis — the open air It ii cunons how little the cruditv of this clinical 
finding has been refined We have been at a loss for definite explanation 
of the hvgienic virtues of open as compared with closed air Kefemng 
to a preceding discussion on tlie pbvsioli^ of ventilation the contention 
of Fhigge seems sustained, that the morbid en ations through which we 
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recognize the nnpurity of respired air arc not duo directly to acquiicd 
chemical properties of the air, Lnt to the irritation of certain sensory 
ncr%ts of the shin brought about by a rise of temperature combined ivith 
a hijjh degreo of rclatiie humidity The nerves specifically concerned 
in these sensations would seem to be those delegated to temperature sen 
sations, moreover, in tho clothed subject, the skin of exposed parts, the 
head, neck, hands, wrists, possibly the liimig of tiic nasal canal, would 
seem to bo of rcJativclv paramount importance In explaining the main 
tcnaiico of n constant body temperature under wide tlicnnal variations of 
the nir, wo find no dilbculty in ascribing profound nltcrntions in metab- 
olism to stimuli arising m the tempernturo nerves of the skin Prom 
tbo same point of view tho suggestion is obvious that the scn'iations of 
comfort or discomfort aroused in “good” or “bid” air arc but incomplete 
conscious expressions of tissue rtnclioiis which determine tbo molecular 
cflleiency of tbo machine, and incidentally regulate the production of sub- 
stances protective igimst diseisc While heat and humidity arc of pre- 
dominant importance in the excitement of cutaneous scnsitions lending to 
feelings of well being or illlicing it would 1)0 a too narrow view wlucli 
would restrict to the action of these physical agents the multifarious sen 
sory impulses, largely operating through the consciousness of pleasure and 
pain, through whicli tho metabolisms of the body are, I believe, largely 
ordered 

Thus iiaturc, tbrnugli visual and auditory impressions, tends to 
generate an rcstlietic state, vvlncli is a potent addition to that mental at 
raospberc which favors recovery from tuberculosis 

It 18 worth while, in passing, to point out tliat the response of tho 
body to the manipulations of hvdrothcrnpy is, in largo measure, but a 
demonstration of tho pliysiologic influence of temperature and moisture 
on cutaneous sensations 

These reflections point to a physical basis for tho knovvn physiological 
effects of life 111 the open, and make it conceivable that all the advantages 
of such an environment might be secured indoors under artificial regu 
latiou of temperature, humidity, air movement, illumination, and other 
factors, pliysiologic and psvchic, of the outside climate 

In abort, tlie facts point to the conclusion tint tbo “resistance powers 
of the body, aside from those spccihc immunities developed m response 
to substances in tho circnlntion, arc developed ns reactions to afferent 
nerve irnpiilsts, or sensory impressions, which spring for the most part 
from the ciitaueoiis surface * 

Tho victim of pulraonnrv tuberculosis, thrilled with sickening chills 
along his spine, is prone to huddle over a stove in a closed cliambcr, or 

There is an analogy between the action ot these trophic afferent impulses and 
that of the blocbcmic antigens which atlmnlate tie tissues to produce immune bodies. 
Cf the sugfeCBtivc paper by Cnlc 
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to seek relief in a land of perpetual summer But practical clinicians 
have found that recoi erv from the infection is apt to be furthered rather 
in a somewhat variable and n^jOrons than in an cquablt climate , and it 
IS the general testimonv from health resorts that patients commonlj do 
better in winter than in summer It is significant that the same patient 
uho left to his own devices had dreaded a fall of nir temperature below 
72® F under proper therapeutic control learns to rejoice m the crisp 
freezing air of a northern winter His point of view has been so altered 
by training that his feelings of pleasure and pain resume their normal 
function as sentinels to consene his wellbeing He breaks the vicious 
circle in which a morbid sensation led to a hurtful act (for the specific 
indications for the application ot the open air treatment m pulmonarv 
tuberculosis see \olume II ChipterXX\ ) 

IVhen the conception obtained eurrenej that the open air was the 
most salutary environment for the consumptive, a tendency was mam 
fested by certain phthisiograpbers to estimate as of equal tberaptutic 
value all open air and to decrj the hitherto assumed virtues of climatic 
change \Yhile admitting that the climatt of the back >ard was more 
remedial for the tuberculous than the climate of the adjoining kitchen 
they would not grant that a still greater deviation m metcorologic condi 
tions to be found in distant resorts could have healing Mrtues in excess 
of those to be found on a citv lot This question can only be decided 
empiricalh , but the reason cannot but be impressed with the physiological 
facts of climate, such, for example as the specific stimulation of the blood 
forming organs, of tissue proteid assimilation etc. which occur in mod 
erately high altitudes The unbiased mind must grant at least, that 
everj climatic complex operites for or against the recovery of a consump 
tive m proportion as it excites con ervative or de«tructive phvsnlogical re- 
actions The impression has gained ground that a cure of tuberuulosis at 
high altitudes leaves the patient e pociallv liable to relipae or to again 
contract the disease on retiiming to lower levels It is probable that the 
only truth behind this belief is the fact that manj cases of arrested pul 
monary disease can pursue a u«efnl life only under certain faiorable con 
ditions The tendency of persons returning home after achieving arrest 
of their disease, is to abandon the hjgienic methods to which they owed 
improvement It is also true that the temperament and constitution of 
one who has harbored tuberculosis ofttimes demand the stimulating condi 
tioEs of high altitude to maintain a feelra^, of well being which of itself 
must be a powerful aid to the resistance powers The bodj is probably 
vastly more sensitive to the influence of eniironment and is subject to a 
wider variety of physical stimuli than we have anv idea of An expori 
mental analogy for this position is offered bj the exceedingly suggestive 
results obtained by Beid Hunt m his investigation of the effects of 
a restricted diet and of various diets upon the resistance of animals 
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recognize tlio impurity of respired mr arc not due directly to acquired 
chcimc'il properties ol the nir, but to the irritation of certain sensory 
nerves of the skin brciugbt about bj n rise of tempemture combined wth 
a high degree of rcHtive bumiditj Ihe nerves specifically concerned 
in these sensations would seem to be tlvosc delegated to tcmperatuTC sen 
sations, moreover, m the clotbcd subject, the skin of exposed parts, the 
head, neck, hands, wrists, possibly the lining of the nasal canal, would 
seem to bo of relntivclv paramount importance In explaining the mam 
tenanco of a constant liody temperature under wide thermal variations of 
the air, \\c find no difficulty m ascribing profound alterations in metab- 
olism to stimuli arising in the temperature nerves of the skin Prom 
the same point ot vinvv the suggestion is obvious that the sensations of 
comfort or discomfort aroused in “gowl’' or “bad ’ nir are but incomplete 
conscious expressions of tissue reactions which determine the molecular 
tfiicicncy of the machine, and incidontnlly regulate the production of sub- 
stances protective agiinst disease \\lnle beat and bumidily are of pre- 
dominant import inec in the excitement of cutaneous sensations leading to 
feelings of well being or iUbcin„, it would be a too narrow view which 
would restrict to the notion of tlic<»o pliysical agents the multi/inous sen 
aory impulses, largely operating through the consciousness of pleasure and 
pain, through vvlucli the metabolisms of the body arc, I bclioto, largely 
ordered 

Thus nature, tlirougli visual and auditory impressions, tends to 
generate an msfhetic state, which is n potent addition to that mental at 
moaphere which favors recovery from tuberculosis 

It IS worth while, m passing, to point out that the response of the 
body to the manipulations of bvdrothcrapy is, in largo measure, but a 
demonstration of the physiologic influence of tempemturo and moisture 
on cutaneous sensations 

Those reflections point to a physical bosis for the known physiological 
effects of life in the open, and make it conceivable that all the advantages 
of such an environment might be secured indoors under artificial regu 
lation of temperature, humidity, air movement, illumination, and other 
factors, physiologic and psycliic, of the outside climate 

In short, the facts point to tlie conclusion that the “resistance powers 
of tho body, aside from those specific immunities developed in response 
to substances in tho circulation, are developed as reactions to afferent 
nerve impulses, or sensory impTCssions, which spring for the most part 
from the cutaneous surface • 

Tho victim of pn3moinrv tuberculosis, thriJlcd with sickening chilli 
along his spine, is prone to huddle over a stove in a closed ohamber, or 

There is an analogy hetween the action of these trophic aficrent impntBCS 
that of the blochcnnc antigens which stimulate the tiwues to proJuce immune b dira- 
Gf the suggestive paper bj Crrte 
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Hheumatoid Diseases — Painful affection'! of the connective ti sues 
grouped under the term ‘rheumatoid disea ea” are common in high alti 
tildes their incidence proh il>l\ hears in imcrse proportion to the metabolic 
reactive poucr o£ the individinl On the contrar\ acu(e articular rheu 
mati-sm is le s frtfjuciit tlnn at sen level 

The writer ha^ hid intimate opportunitj of studjing the case of a 
min who in Dcmcr suffcis much from ill-dtfincd puns, at time« chnric 
terized as muscular rheumatism and heidaclus whith are relieved hv 
salicvlate of sndn The c symptoms disappear ou a joumej to sea level 
and remain in abeyance for s>omp weeks alter his return 

Respiratory Affections — Catarrhal conditions and hronehths as i 
nile are most favorably influenced id a climate of moderate humiditv 
Newcomers in Pockv llountain resorts hibitually complain of irritative 
symptoms which are due to drvingof cbe mucous membranes 

ridierculouj laryngitis and other organic respiratory affections, though 
priraanh contra indieatin„ drv air not uncommonly m elevated regions 
hiid amelioration m the estabhslinient of a ^vncral improvement m well 
hung Thcorv and eaperienec agree m the teichiag tbvt the mortalitv 
from hhar pneumonia incrta cs in high altitudes Nevertheless prac 
titiouers m modcrateh elevated re,^ions will a_r« with J N Hall, 
vvho from n wide cyperiei ce concludes 1 believe from this study that 
the mortality of acute piieiimoiui is not maurialh affected hv altitudi 
until one passes hivotid in elevation of i 000 or 7,000 feet” 

Certainly the pneumonia morbiditv and mortality m Denver arc not 
in cvccBs of those for the same disevse at sev level 

One of the most curious of chnicil eapcnences with bronchial 
asthma is the frequent cmpletc relief afforded at elevations of a mile 
or so above stv hvd On tlx eontrarv the subjects of empht/bema are 
not apt to do well 

Heart Diseases — Heart di eiscs are benefited or made worse in high 
altitudes, in proportion to the pvwer of the heart to respond to excessive 
demands upon it and thus increase its range of accommodation. 

The pre cription of mountain. climbin„ for chronic heart disea e 
has a sound physioloj.ieal basis Nevertheless when a phvsician at an 
elevated resort finds it diflicult to restore a bitiken compensation he desires 
above all things to sec his pitient transported tu a lovver level 

\\hilo th( body is at re t the meeliamcal conditions of the circulation 
aro practiealh identic il through a wide raUj^e of elevation above the sea 
hut the demands of rausenlir exertu n call foi an iiicrease of cardiac 
activitv which IS excesaut ni proportion ta tlie altitude Acclimatization, 
or tnimiio sTeatlv cxpinda the limits throu^i which the heirt can ad 
just itself without overstrain 

It II Babcock is probably correct m his assumption that the condi 
tion of mitral stenosis is one which, for mechanical reasons, especiallv 



204 Tin PKiNcipris OF AirDicM crnrATOiooi 


to certain poisons’ II( fonml tint tlip rfnistintc of i-ninc aniimls to 
certain ponoris miv lie increisixl fort^fol(l !y clianprcs in diet, tlie con 
\cr8c cffpct 111 i> follow 'll! «ppH>priitc<!Mtnr\ Xlit resist iiiu ofaiiiMiile 
to tlio poison wia diretth nliiteel to eerfiili inferinl pecritions, particii 
larl> tint of tlie th>nnd ^Iind, wliose pr/*elnetion is inodifiid li) diit 
Season has on important effect upon tlie resistinte of aliinnls to etrtaiii 
jioisons, in some < isi s these e fftets seem to depend upon seisoinblc v im 
tions in the activity of the tli^roul ” 

The writer has recently iKen imprcsstel with tin importance of con 
Bidcruif, the acid ilkali lialiiicc of the blood as a factor affectim? ti««iic 
resistance ^\llLro a condition of aeidosis exists, as he imiufcstcd 
1)} an excess of acetone in the iiniie, itiysterinns disorders m iv somctirms 
easily he correetrd hj the application of appropri ite ilkaliiie and dietetic 
treatment Ilure is reason to IkIkvc that the haeksets to whuh man' 
tnhcrculous iiualids arc prone yiitliont sppirent cause often find tlnir 
explanation in a xeciirnng acidosis 

In an essay like this oiiI> j,ciicril relations of clitnito to special di’ 
eases can he touched upon ilie works of llttg^ird, Solly, uni others 
must 1)0 consulted for details 

Anemia — I flicunt oj>rriti<m of flu Mood formiii„ orpins is a fiinda 
mental requirement for lieiltli Aside from tlic specific effect of mfeC' 
tions, the state of the l>lo<id has i direct relition to climatic tnyironincnt 
Pesidcnco m the tropns is said to imhiee niitmn, \yherras rcninyjl to un 
inyifeoratinfc elimifc restores the Mood Ihi yyork of /initr, Ilildane, 
and others, on liifjh altitude pliysiolop, seems to demoiistrite tint the 
diminution of nxygin (eiisioii in the air sixiifnally stiiniihtcs the 
hone marroyv, and probahh other sites of Wood formition, to ixctssi'C 
activity 

Ihtrtforc, eyin it nKMlerite ilryntions of 5/)00 to '',000 feet the red 
Mood count and the hcino„Ioln» pc rctnta^,c rxeted tho i of pcojilo at sea 
level At liifih altitudes health dein inds n proportion ifo inerrasc (»f hcroo- 
^lohin and red corpuscles In somewliit emde cluneal ohsen itions at 
JXri'cr, one mile above sea Icvil, I h ive Ixc n iciustoinod to find disorder’ 
attributable to anemia in patients whose hfino^Iobiii percentage ranged 
as high as from 70 per cent to 85 per cent 

Cout — Gout and Iithcmie st ites arc due to conditions of nietalmh’ai 
and circulation which a« modified hy climatic tn atmciit According to 
Iluggard, “a dry, hraein^ climate is always most suitiMc” l4C'trtlie“ 
less, the writer is convinctd tint a cliancti ristic effect of residence m 
Jngh altitudes, at hast m the iinaielimitid, is a relitnc ytnoiis plethora 
High venous Mood pressure, according to good authority hads to gout 
jsewcomers m moderately high altitudes partieiilirly if indiscrcft in 
exercise, arc apt to suffer from "bilious attacks’ ns ii pliisc in nccliroa 
tization 
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Rheumatoid Diseases — Pimful affections of the connective tissues 
grouped under the term rheumatoid diseases’ arc common in high alti 
tildes , their incidence protuhh 1 e ire in inverse proportion to the metabolic 
reactne pouer of the iiidiiidnil On the contrarv, acute articular rheu 
malt^m is less freqnmt than nt sia level 

The writer Ins had intimate opportnmtv of studying the casi of a 
man ulio m Dcimr suffiis much from illdehncil pains at times chane- 
terufd as muscular rheumstisin and hcidachcs which are relieved bv 
sihcvlate of sodi The e symptoms di appear on a journey to «ea level 
and remain in abeyance for some weeks after his return 


Respiratory Affections — Catarrhal eoiidUions and bronchitis as a 
rule, are most favorably influenced in a climate of moderate bumiditv 
Newcomers m Pocky Alountam resorts habitually complain of irntativi, 
symptoms yvluch are due to drvmgof the mucous membranes 

3 ulerculout laryngitis anil other organic respintorv affections, though 
primarily contraindicating dry air not uncommonlj in elevated regions 
faiij ameliorition in the estsblisbmint of a gcnersl improvement in well 
being Theorj and cvp rnnee agree in the feathiug thit the mortality 
from lohar pneumonia increases in high altitudes ^nevertheless, prac 
titioncTS in moderately elevatid usums will agree yvith J N Ilall 
why from a wide tvpciicLce concludes I lelievc from tins studj that 
the mortality of aciit^ piieumonii is not mtteriallv affected by altitude 
until one passes bejond an eky ition of b 000 or 7 000 fret ’ 

Certainly the pneumonia morbidity and mortilitj m Denver are not 
m cveess of those for the same disca e at sea level 

One of the most curious of clinical evpenences with broncAial 
aslhm/i 18 the frequent complete relief affordeil at elevations of a mile 
or so above soa level On the contrary the subjects of emphysema are 
not apt to do well 

Heart Diseases — Heart <lis«»a es are Lenehted or made worse m high 
altitudes in proportion to the jwwcr of the heart to respond to excessive 
demands upon it and thus incrca e its range of accommodation 

The prescription of mountain climbing’ for chronic heart disease 
has a sound physiological basis lyfvertheless when a physician at in 
elevated resort hiids it difficult to restore a broken compensation, he desires 
above all t!iing;s to le his patient trinspiorted to a lower level 

^Vhik the body is at re«t, tbe mechanical conditions of the circulation 
are practically identical tbroUoh i wide rin^^e of elevation above the sea, 
but the deminda of iiiuscailir tvertion call for an iiicreise of cardiac 
activitv which is excessive in proportion to tlie altitude Acclimatization 
or trainiiip. greatU expands the limits throiii,h which the heart can ad 
Just It elf without overstrain 


P II B ibcoek IS probably correct in his assumption that the condi 
tion of mitral stenosis is one which, for mechanical reasons especially 
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contraindicates high altitudes NCTcrthcleis, in Dcmcr, for example, 
many persons ^\ltll stenosis of the raitml \nlve Inc m comfort Nervous 
affections of the heart appear to be bettered or otherwise, in high alti 
tudes, according to the general reactne powers of the patients 

There seems no reason for believing that, in patients who load a quiet 
1 fe, arlcnosclero^i, contra indicates residence in high altitudes How 
ever, it appears that aneurism and mortolitv therefrom are considerablv 
greater at high than at low elevations 

Disorders of Digestion — In the writer’s estimation, climate is inJi 
roctlj of importance in its impress on the digestive functions through its 
effect on the metabolic and nervous avstems 

Lspeciallj m high altitudes, a “ncnoiis djspepsia” is apt to reflect 
imperfect adjustment to the emitoiimcnt, and a ‘bilious attack,” which 
the writer has attributed to relative venous engorgement, frequently at 
tends the process of acclimatization. 

Skm Diseases — Great importance has been attributed in the foregoing 
pages to tho phvsiological functions of the akin There is no organ of 
the bod) which comes so dircctl) under the influence of cliraatc as the 
skin, )Ct there appears to be but a meager collection of data regarding 
tbe subject, cither in health or disease Cases of eczema at least in its 
acute form arc said to do badly on the scasliort, and in cold, damp 
weather Acne is al«o made worse on the coast, and is apt to improve m 
dr\ inland stations Cases with do better in n warm climate 

It has been said that at high altiUides those cases do worse m which 
the skm disease depends on nervous derangement 

Disorders of the Kidneys — It is generally admitted that the chief 
object to be secured in tbe treatment of kidne) disease is rest for the 
organ The potent factors within our control include diet, muscular exer 
CISC and the activities of the skm and lun^ Experience indicates that 
patients with disordered kidncvs fare worst in cold, damp places of van 
able temperature Thev thrive best in warm, equable, and somewhat dry 
climates There is substantial basis for the opinion that persons with 
inflamed or dej,enerated kidnevs are apt to fare badly at high altitudes 
In mv experience disease contracted at an elevation is better borne than 
when imported It is difficult to acclimatize a diseased kidney 

The observer js impressed with the importance of the circulation m 
renal insufficiency Clinical experience has impressed me with the belief 
that passive congestion of the kidnevs is the preponderant deleterious 
factor due to the conditions of higji altitude Certain forms and stages 
of kidney disease as of heart disease, are distinctly ameliorated bv a 
judicious mode of life at a moderately bigh altitude 

The Nervous System — Special emphasis has been laid in the prcced 
mg pages on the purely psychic value of climatic change The mental 
state 13 molded to a great degree by the reactions occurring in the various 
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organi, among 'whicli the nervous sv^tem >8 of predominant importance 
Climates ma\ affect the senons «>^stem either directly or indirecth 
through their influence on metabolism m its widest sense Using the 
rather indefinite terms in vogue climates mav be relaxing setZafiie or 
stimulating m their influence Whin nutrition is improved and a state 
of uell being secured, the qualiiving term tonic mij be added Thus, 
warm moist coasts or islands are scditive to relaxing On ocean vo;)ages 
or cooler coasts the prevavlmg influence is touic-sedatiie Inland places 
of low altitudes are usually simply tome in effect Elei ated inland regions 
are stimulating tome or atmph stimulating” 

It has been made obvious that the phvsiological influence of high 
altitudes tends to increase the chemical activity of certain vital tissues 
Vt moderate elevations, 4,000 to 000 fett laying on of proteid tissue, 
building up of the organs, and improvement m their efficiencj tend to 
occur IVith further increase of elevation katabolic processes gam ascen 
danev and it is as if the macbme suffered from internal friction It 
cannot be too strongly emphasized that physiological adjustment to lowered 
barometric pressure requires time and rest. Imprudence in exercise on 
the part of newcomers is prone to turn a sojourn which mi^ht have been 
salutary into a period of nervous overstrain Constitution and tempera 
ment determine to an extraordiuarv degree the fitness of people for 
residence in elevated regions Persons of phlegmatic disposition or those 
who are nervous from malnutrition or overwork arc apt to Jo well at high 
altitudes The hjstencal and those with inlierent nervous temperaments 
often find their disorders accentuated Nevertheless the medical observer 
IS often astonished at the development of nervous stabilit} m patients 
whom from a theoretical viewpoint he would have advised against seeking 
a high altitude The general belief that an occasional drop to sea level 
IS necessarj to the best interests of residents at high altitudes is probabh 
well founded Differences m temperament and constitution which be 
come esppciallv conspicuous under the strain of low atmospheric pressure 
no doubt determine in a less sensible degree the adaptability of people 
to other climatic conditions 

Thou^jh we may not accept fully Major Woodruff’s dictum that in the 
tropics or brilliant sunlight fair skinned persons always deteriorate in 
health, as compared with brunettes it is nevertheless true that individual 
as well as racial characters determme to a degree the adaptability of 
climates to the preservation of health and the cure of disease 
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CHAPTER V 


rmsiOTHER^PT MASS\rE EXEECISE 
IIahii^ Eatox Stewaet 
PHYSIOTHERAPY 

Before considering m ditail tbe different phases of phvsiothcrapj and 
tlio proper method of blending them in the troaUnent of various diseases 
and injuries a brief suno of the subject its scope and relationship to 
general medicine and surgical praetKe is in order Pbjsical agents have 
been employed therapeuticalH since the earliest da^s of medicine Heat, 
exercise massage, sunlight and water ipplied to the body v,ero the first 
phjsieal 8g,cnt3 to be used Gahanic and faradic eleetncitj have been 
used for about % eenturj “^tstic electncitj has bLen emplojed nearlj 
half as lon^ while the sinusoidal and hifdi frequency currents are of 
recent date The amazing speed attained in the recent development of sci 
entifio medicine has been more than matched in the field of phvsiotherapv 
bv the development of modem apparatus eTpenmentation and refine 
inenls in technic. The advance in the scientific application of physical 
therapeutics in the last decade is perhaps greater than that which was 
made up to that time The pioneers who worked in the field of electro- 
thenpv, hydrotherapy or massage and ejercise laid the foundation for the 
modem use of phvsiotherapv forming the basis for the millions of treat 
ments given to the ex service men In the medical corps of the various 
armies during the Gi\ it ar for the fiist time lu the historv of medicine 
a large number of reguhrlv trained plivsicians devoted their entire time 
and attention to all branches of phvsiotherapv 

In the American amn wc weie ihle to institute a department of 
phvsiotherapy which functioned m ixtvtwo difTmnt liospitals and was 
comprised of over a hundred phvsicuins and twelve hundred reconstruc- 
tion aidev The personal baching of the Siii^con General and the organ 
ization of a department of Ins office under I leutenant Colonel Frank B 
Granger of Boston brought together a personnel and equipment the like 
of which had never before existed From 1918 to the end of 1D22 mil 
lions of physiotherapy treatments were given to the service and ex 
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■sen ICO men bj the medical departments of tbc Armj, Nar\, U S Public 
Htalth Service and Vetemns*’ Bureau The results on the whole were 
ertrcmelv gritifvinf^ and b> reason, of the vast amount of data collected 
vve maj feel tint pin siothcrapj is on as firm and proved a scientific 
basis as any other branch of medical practice 

The scope for the application of this branch of therapy has rapidly 
widened until at the present time a large proportion of diseases aud 
almost all tv pcs of injnn arc amenable to treatment by it II cannot be 
too strongly insisted upon that uiihafew minor erceptions pliystotherapy 
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ts not a complete regime of treatment hut is an adjunct to the routine 
hygienic medical and surgical care of the patient Fortunately there 
are pracficallv no contra indications to the employment of the accepted 
methods m combination with physiotherapy in any given case Long 
retention of hxation appaiatus is perhaps the main exception Plivsio- 
tberapv is directly applied to the affected pirt R requires a large 
amount of detail in the teclinic of its emplovmeiit The lirge floor space 
aud special apparatus re<inmd to do the best work places a limitation 
upon the amount of phv siotherapv which the general practitioner can do 
toiivcnientlv Nevertheless, it is vitallv important that he he able to 
determine those conditions m which the help of pbvsiothenpv will lead 
to more rapid recovery on the part of hid patients A full equipment is 



PH^ SIOTHEPiAl \ 


!13 


for the specialist and tho ho pitil depirtment of pli\ 3iothtrap\ hotli of 
which are now rapidlj increasing m nnmbcr On the other Innd, a ^cit 
dcil of good maj be accomplished with a cnmparativclv simple equip 
ment proMding the indications and principles mulcrljin^ tho technic 
ire thoroughly understood Pven a good piece of apparatus and the 
manufacturer s direction as to its use xre not a sufficient tickground for 
practice m even a single branch of pfaasiotherapv 

A digest of the mam modalities u ed and indications for the eniploe 
ment of phxsiothcrapy avill excmpbfv the widening scope of this bnneh 
of treitmcnt Tho electrical currents are employed in nccordince with 
their three main effects qu hvinjj ti sue first, changes in chemi»tr\ sec 
ond, mechanicil action and third the production of heat In the first 
division falls tho straight ffiihanic current and wc ii o it to rcarranjje tho 
ions Within the tissues to drive in drug ions from without, to destroy 
tissue hv their caustic concentration and to alias nerve pain In the 
second group are found the i»i<emip/ed and v.aie gnhnnic and sinu. oidal 
currents used for the eontraetion ot muscle completely or partiallv de 
pnred of its nerve supply, and to stimulate other functions by muscular 
contraction. 

Porodism is used to restore the tone of wnderfimctioning muscles whose 
nerve supply 18 normal Sfat ic clc ctncitv in the form of the "Morton wave 
sparks and effluve is enipiovcd^to produce m\«s or local tissue contrac- 
tion for glandular stimulation or the removal of Ivmphatic stasis, njjd 
to a lley ia (c!~p linriluo to the pressure of such stisis The high fre- 
quency currents of Oiuim and Jeefn produce supcrficnl and to a certain 
degree deep heat relieve pun and stimnlite metabolism or destroy by 
fulguratiou when localized at a needle point Dnthenni/ which is one 
of the most powerful agents in all tlie held of medicine creates an in 
ten edcep-Bcatcd heat localised at will with a subsequent activi. hvpcremia 
which greatly reduces repair time and aids m the resistance to localized 
infection Its general effect m lowering hvpcrttiisioii decreasing pain 
and promoting general and local metxbolism u also made use of 

Tadiant hfjhl and heat stimulate the ciiculation relieve pun and 
promote repair 

VltraiioJet liijkthai, both a local and generd effect. Locally it is 
one^Tthe mobt'powcrful of antiseptics with no effect upon the ho«t other 
than the dostnictiyn in strong doses of supcrhcial epithelium Host 
localized infections yield readily to its applicition iii their early stages 
In moderate amounts it is a very powerful stimulant to skin cell growth 
and IS indicated in slovily hcaliii^ wounds and ulcers of the km Gen 
erally, it is the same tonic to the body that sunlight is enriching the 
hemoglobin aud the fi Jiting property ot the blood increasing metabolism 
and inducing sleep 

Hxercise and mu'! age develop the body and its nervous coordinations, 
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•^timulnto inctnlwliani, defer tissue detenorntion in middle life, aid cir 
cuhtion nml Iiilp to prevent and rtdiico defoniiit> 

Hydrotherapy inn> k used to induce rtllerlv both stimulation and 
flodntion of tiio nervous system and obtain ktli local and general ohaun. 
in the circulation '' 

Iho time vvlun th* term plysiotherapv meant "bakin„ and massagn” is 
over, 80 is the real usefulness of an assistant whose methods are limited 
to tlicso two means 

I^FQUIR^^I^.^as ion IIosiitai am» Climcai DrrAitTVFMs of 
P lIVRlOTItFRVl 1 

The government hospital dipartment of physiotherapy has served ns a 
model for a number of such departnuiUs recently established m civilian 
general hospitals 

Personnel — Tlio tvpe of young woman who kenmo the reconstruction 
aide of tho war and post w ir days had, as a mlo, nonnal school, college 
or nursing training and reet ived intcnsivo courses in all branches of pliysio 
therapy There arc several schools of phvsiotlicrapy graduating well 
trained aides and tliev an hecomiiig avnilahlo in increasing numbers 
There should be one aide for each four to eight nurses, depending on the 
typo of cisos handled 

Floor Space — A great deal of work can k done in a relatively small 
space if it IS properly arranged There should bo many wall pliig«» 
divided into several separate circuits The intake wiring and fuses should 
k very heaw If the tables (or cubicles) nro arranged paralld, with 
four feet between them and tlie side wall, much of the nppirntus niav k 
convonientlv shifted to the Various tables or stalls All circuits slioiild 
be numbered in the fuso boxes to fncilitato quid replacement of fines 
when blown out 

Apparatus — A small dcpirtmtnt for a hospital of one hundred beds 
would require at least the following apparatus eight treatment tables, 
two sets of pulley wciglits one gilvnnie control, one farndic coil, one 
sinusoidal matliine, one air-cooletl ultraviolet lamp with a few quart/ 
applicators for local work, four small portable or two 1500 candle power 
radiant lights two portable and two stationary high frequenev machines 
In a two hundred bed hospital, this equipment should ho doubled except 
that a water cooled ultraviolet lamp instead of a second air-cooled should 
k added, together with a motor vibntor, static iiiachino and paruflln bath 
Care should bo taken to a*nte the typo of current, frcipioney and voltage 
in ordering machines In Inrgtr hospitals and those devoted to special 
types of eases, this oipiipment would linvc to k greatly modified A cor 
rective gymnastic room and bydrotlu rnpy plant are most useful where it 
IS possible to install them 
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Postwar Reconstruction — ^The writer after liis work as assistant 
director of pLjsiotherap} of the ami> section, organized the section of 
physiotherapy m the Biireiu of the United States Public Heiltli Service 
which took over th( care of the disabhd exservice men This work has 
grown during the last four years to a magnitude equaling that done bj 
the Armv iledical Corps and has now been transferred to the Veterans 
Bureau In the meantime the Public Health Service has continued and 
extended this work among its own Alanne Hospitals, and the Jlavj has 
also established this branch of its medical service on a good basis The 
longer these hospital departments have functioned the more invaluable 
have thev proved themselves With the ex service men the work, now 
largely with chronic diseases has fallen into thre-e main tvpes First 
the neuropsjehiatnc cases which include peripheral nerve regeneration 
traumatic psvehoses of various types md a wide yarietj of other con 
ditions All tjpes of phvaiotherapy are employed in the treatment, hut 
hydrotherapj takes a more prominent place than it does in the general 
hospital Second the tuberculous group often complicated by war wounds 
and various other conditions With this class of cases, ultraviolet light 
IS of great importance although all methods are emplojed The third 
type IS the general medical and surgical group which requires a well 
rounded application of physiotherapv It is certain from the results 
obtained that physiotherapy will have an increasing rule m the treat 
ment of these conditions until the chapter is closed Those in charge of 
departments m general ind special hospitals can learn much from what 
has been accomplished bv the adequate thorough and persistent application 
of physiotherapy to a wide range of conditions under government super- 
vision 

Industnal Accidents — There have Utelv been established in rapidlv 
increasing numbers clinics and hospitals devoted entirely to the physical 
rehabilitation of the injured workman Physiotherapv and prescribed 
occupational theripv with vocational tr lining form the backbone of their 
work It 18 a matter of great economic importance to the worker his 
family, his employer and the comprnaation insurance companies that he 
be rctiiniod to functional efliaency and full earning power at the earliest 
possible moment Once the initial sui^cal care lias been properly per 
formed mam dependence for this eiriy return of function must be placed 
on physiotherapy Nothing else can be substituted for it The recoverv 
lime in fractures can bo reduced by about one-third In cases of sprains 
and bruises an even greater nduction m rccovorv time is possible The 
cost of special treatment or of roamtaimng a department of pliy siotherapv 
IS much kss from an economic standpaint alone than is the payment of 
lomponsation through an unneccsoanlv long period of disability There 
18 no question that in tins particular field physiotherapv will make one 
of Its most valuable contributions to medicine 
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Athletic Injuries — It has Ken conclnsi\cl\ demonstrated m tlie treat 
mciit of the iiijnrid 'Jtliletcs of some of the Inrgcr unncrsitj tennis during, 
the list three jeais thnt phnsiothenpj proporlj used greath cuts down 
the time of disnbihti during which nthletcs have lost their usefulness to 
the tenm flic sprnins, strains and muscle bnnscs which ranke up a hrgi 
part of athletic lujurits are cspicialh amcnnhlo to phnsiotherapeutic 
treatment Ihc danger of permanent disabilitv or recurrent injury 
through chronic w cakiicss is markedU los cned The prc^'Cribing of the 
treatment must be m the bands of tlie team ph^&lClan and not the atbletio 
trainer 

General Hospital Practice — It has boeu said that “no hospital can 
call itself modern in thc*«e daas unless it has a good department of plmio- 
theraps That stitcment is sub cribcal to by pneticalh all physicians 
and surgeons who hate had the opportumta to aiatch such a department 
function Oecisionalh jn tho goicmmont senices, the medical officer 
in. charge of a hospital has been rcUietaut to assign the space and under 
tike the o-^peuses iiicidciit to the establishment of a hospital department 
Practiealh without exception tho«e medical officers ln\o become cn 
thusiastic in their support of their phasiothcrapa dcpirtraeut The> ha'c 
come to the concliiaion that the aaorage number of lio»pital daas has boon 
siifficienth reduced in the case of patients treated ba phasiothenpa to 
more than eompensato for the expense and the space necessitated by its 
installation 

Medical School Oumcultim — Oiih a feaa of oiir medical schools have 
as aet placed phasiotheripa in the course of study A reviewer of tho 
Journal of the 4mtncrt» Medical tswiahoii m a recent comment on ti 
laow text on this subject atatcil, “The Mibjeets arc generally studied m 
adequatoh or not at all in m'^ical schools One of the excuses given 
for the neglect of these important topics m the medical school has been 
the lack of a suitable textbook Unfortunately the real cause for the 
neglect of phasiotlicrapi is the ignorance of the framers of medic il «cliool 
eurnciiliims regarding it As the students of the present become the 
curriculum makers of the fiituro we Ime here a \icious circle ” 

There ire man> well qualified teachers now mailable and there is 
no longer adequate exaisc for the neglect which the medical schools haic 
shown m inatructiiig their students m this important subject 

The object of the section termed Applied Phisiotherapv (Chapter 
XII) 13 to show tho proper blending of the various modalities described 
111 Chapters V to XI in the treatment of tho>e phases of injury and 
disease in which these measures have proved of value Very little has 
appeared ®o far in the literature on the iis>e of more than a single tvpe 
of physiotherapv m a given condition Tht author of a textbook on 
Hydrotherapv treats of the application of that phase alone and gives an 
appended list of pathological conditions m which it is useful The same 
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1% true of authors of texts on Fxenubt. md MBSsjgp or upon Ekctrntberdp\ 
It IS felt that an outline of the properh t^mbined n t of tht diiltrent 
t\p<.s of plnsiotherap\ lodictted in anj >.i%cn condition will proit of 
great \aluc II mu'rf be thoroughly understood that the k nkr is Jinhng 
vdli physiotherapy as an oJjunrt fi the indicated hygienic medical or 
surgiraJ lyrocednres in eter^ "ise “I'd it is taken for granted tint 

these measures ln\c been determined upon and instituted in conjunction 
ivith the plnsieal therapeutic measures here outlined In the more com 
mon Conditions met with ui ideal treatment presuppo mg the use of a 
complete eciuipmcut will hi eonsidend and where possible a simplified 
technic will bo added which requires but little apparatus 

Through choice, a 1 iTg« number of condilious in which types of physio 
therapy have been used but where the results have not been unifotmh 
of \aiue, liaae t>en omitted Success in using phvsiothcrapv is dependent 
as muih upon a thorouch detailed knowle<l5,e of tht projnr technic as it 
18 in any other phase of thoraps The work and research now being done 
m the field will undoubtedly rapidly widen the known indication for 
Its use The ph\siciau and surgem now hue at hind an adjunct of in 
CTcasin^ UBcfulne & in the field rf tluripcutics, ind one which will richly 
repay them for time spent m caretul investigation. 


MASSAGE 

Definition — "Ma sage is the scuntihc manipulation of the oft ti sues 
of the liMng body for theripcutie purp'^ses It modifies both the phasi 
ologieal and pathological ti sne prfcisses by mechanical means 

History — 'Nfaiiv centuries before the Chnstim tra tho Chiiu c wire 
probably the first to use. massige In India dapan and Arabia the use 
of this method of treatment » vara old It was iwd for therapeutii pur 
posts by the Greeks and testimony as to its yalue m certain conditions 
can be found in tho writings ef Hippocratrs The Pomans employed mas 
sag" in connection yvith thi ir baths Galen used it yvith the gladiators lu 
preparing them for cembat 

Pire in the Mxteenth century rteommcmled massage and passnr 
motion in disihled joints and many other conditions A little oyer a ecu 
tury ago the Trench extcndeil its aisc ind t-i'e their terms to the yanous 
movements into which the manipulation beiame divided To Grmesnor 
of I n^l mJ Balfour ot Scotland and I in^ of Sweden wc owe the placin^ 
of massage upon a scicntifae basis Particularly an yye indebted to I in_ 
bis sm and ucce sors in the Koa il Central Institute of St ekholin for 
the proper correlation of exim e ayith massuge Duriii,, the last hilf 
of the nineteenth c« ntury Me/girof Vmsterdam cir ilitchcll and J II 
Kollopg of \mcnoa yvcrc instrumental m gaming the recognition of the 
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profession to tJie \a?uc of inawngc, until at prc'cnt the vridc therapeutic 
iiidicitioiis for mi sipi lm\e general rccogiutioii 

Tlio ^^ldclnn" s<opo of otlier pl»n«e8 of plnsieil tlicrnpentics his 
clcirl^ demonstrated the fact that there arc other and hotter means of 
fnlfillmg some of the nuheations for uhich niissigt has been fomictlv 
used llonescr, for cirtiin results no sulntitiite will stne as well 
In modern thernpintiis, nins ngcisusutlh blended with other t\ pcs of 
phisiothcrips and tikes an important pJaeo iii siicli eonihinations of 
treatments 



tie - — >Fruin*«» of tiil I (CowIkj luul R Iloobcr ) 

General Considerations — The plnsiciau with Ins bickcronnd of 
anntonn, phisiologj and pithologj mii acquire sufficient knowlcdim to 
prc'crilH massirro jntclliginth m a Mm short tune Tlu ninoimt of prac- 
tice ncccs ar\ for liim actually to gne a tteatinont with reisonihlc skill 
IS not gnat M lule few plnsicians arc ahio jicrsonn'lh to do thoir tnat 
ment work, tlie knowledge aeqiitred in Icirnuig how to do it well will 
lio imnlnnblo m c-itininfuig how skillfull! their prescriptions are earned 
out The rubbiii" of the riirkisli hith attendant and the mampiilitions 
of the nthktie team nihlKT* lia\c aery little relation to scientific inas- 
sagi, nor is the efficient of the aaciago tTcitmcwt iw direct proportion 
to the nnioiint of phasical energy that the innsaeur expends upon the 
patient 

There arc three distinct schools of massage, tlic Fiiglish, Swedish and 
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Hoffa rte best work is dono by those whose knowledge o£ anatomy, 
physiology and pathology is greatest and who have made a careful study 
of all methods, blending the best of each and eyolving their own per 
sonal technic It is well to watch carefully one who claims to be pro 
ficient in an> one of these sidiools The attitude of the masseur -should 
be sympathetic and friendly, yet detached and businesslike for it is onh 
through absolute confidence on the part of the patient that he is able to 
relax completely and best results be obtiincd No jewelry should be 
worn on tho hands of the operator, nor any sleeyes below the elbow 
Only the part of the patient’s bods under treatment should be exposed 
The part being massaged should be supported The temperature of the 
rooms should be from 70° to 75 F 'VVhtre much massage is to be done 
it 13 necessary to hare an especially constructed table which should be 
about 2 feet wide and 32 to 30 inches high A solid table covertd with 
a good mattress is to he preferred to springs of anv kind In our arm\ the 
reconstruction aides very often discoiered during their massage the 
presence of foreign bodies and changes m the condition of the parts These 
they were encouraged to report to the physician, but changes m technic 
of treatment were not and should not be allowed without the physician a 
orders It must be remembered that we are dealing with n potent agency 
when we are applying massigc to patients The physician should no more 
order massige for a given, condition without slating the type and the 
amount tlian ho should order drugs without stating the kind and the 
dosage Massage may be used for dumctncally opposite purpjses to 
soothe or to stimulate, and must, therefore be minutely prescribed if the 
treatment is to be beneficial 

Most mas'eurs use some Lind of a lubricant on the hands Cold cream 
cocoa butter, vaselin and olive oil have all been used for this purpose 
The first is perhaps the be t for general use and should be remoted from 
the kin with alcohol There is a general tendency to uso too much 
lubrication It is impossible to produce good friction with any lubricant 
Powder is being used more extensively and is preferred by many The 
use of stimulating liniments or ictbyol in anv form for countonmtation 
IS of no use to tho patient, and it may seriously aScct the hands of the 
operator 

The length of time of a treatment depends on many factors A local 
treatment of from five to ten minntca is sufficient ns a rule when combined 
with other physical agents In the treatment of a single part where 
nissaage alone is used fiftien to twenty minutes mav hf emploved In a 
general treatment, which should take about an hour the rchtive number 
of minutes given each part should be approximately as follows lesis fif 
teen, arms, ten chest five abdomen hftcen back fifteen Such gen 
eral treatments should bo given not sooner thin an hour after eating and 
a short period of rest following the treatment is advisable The seventy 
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profession to the value of ini‘ssige, until at present the wide therapeutic 
indications for ma«sage haie general recognition 

The widening scope of other pha«cs of physical therapeutics has 
clearly demonstrated the fact that there arc other and better means of 
fulfilling some of the indications for which massage has been formerlv 
Used Howei er, for certain results no substitute m ill serve as well 
In modern therapeutic^ nia'« age is usuallj blended with other hpcs of 
phvsiothcrap^ and takes an important place in such combinations of 
treatments 



Fjo .. — Lffleuh^ce or the Fobeabu (Courtesy Paul B Hoeber ) 

General Considerations — The ph\ 3 iciau with his background of 
anatomj, phjsiologv and pathology ma\ acquire sufficient knowledge to 
prescribe ma sago intelligently in a aerv short time The amount of prac- 
tice neces«arj for him actually to give a treatment I'lth reasonable skill 
19 not great While few physicians are able per'sona'ilj to do their treat 
ment work the knowledge acquired m learning how to do it well will 
be invaluable in estimating how skillfullv their prescriptions are earned 
out The rubbing of the Turkish hath attendant and the manipulations 
of the athletic team “rubber’ have very little relation to scientific mas- 
sage, nor IS tho cfficiencv of the average treatment in direct proportion 
to the amount of phi sical energj that the mns«eur evpends^ upon the 

There are three distinct schools of massage, the English, Swedish’ and 
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111 the direction of the ^tll0tl3 or Ijmphatic fL>ti It i8 done lightly for 
snperhcnl effect more deeplj to affect the circulation of underhin" tis 
sues \\here possible the hand or fiiij,er» are kept in contact with the 
part returning leij lightl} to the stnrtin^, point of the stroke The 
pressure is usually slighth greater m the mid part of the stroke than at 
the beginning and end of it Effleunge should be slowlj done perhaps 
twenty to thirty strokes per minute on the 'istrjj,e It is a general rule 
for the mosement to be earned bejond the lext proximal joint It is ot 
great importance to train the hands to equal skill so that thev ma\ be 
n ed altcruatclj or simultaneously with the simc deft touch In full 
hand stroking the fingers sliould he held lightly together 

The physwloffieal effects of efflenrage are pcrfeetlv definite In light 
stroking the senaituiti of cutaneous nerve endings, is les ened there is 
1 slight diminution in the «kiu circnlation and elmiinisbcd actinti it 
the skin glands In deeper strokiDe, the edatne effect t« not as marked 
There is a sluht increase of the skin cireul Uion and activ itv of its glands 
and a marked effect on the returnui,^ cinulation in the vein* and hm 
pintles Ihis aids in the removal of extriva ated blood and hmph, and 
accumulated fatigue products 

Petrissage (pinchtiig or Ineadiiig) is perhaps the mo t valuable movt 
ment of massage and liould thcrufore he thoroaighlv nia tered Like 
rfflenrage the operator ii >» a partiou of the Laud comparablp to tin size 
of the tissues to be kneided On the mu eles ot the hands and fvee the 
tips of the thumbs and first and sewnd fingers, are « ed for picking up 
rolling and twisting the finer muscles In vrorking on i single finger 
or too use the tip of the thumb and first fing< r of one band one placed 
laterally, the other anfiropostcriorlv In muscle groups the size of tho c 
in the arm the grasping is don© with the entire surface of the fingers and 
thumbs mainly bv flexion of metacarpophalangeal joints In graspin^ 
larger muscle ma«sc8 the entire surface of both hands is used pirilUl and 
the muscle fibers grasped tniiSTcrsclv In naiuv ngions partieularlv on 
the back the museka are rolled and kneaded aguiist the bone In the 
arm and lower leg the nnisele groups are ^risioed between tlie thumb 
and fingers starting distallv with alternate ^.ftsping and relaxing and 
workui^ in a proximal directiou Skillful operators often develop a 
slight twisting niovemuit with the hands which la an ml in thorougli 
kneading On the abdomen where we are untblc to pick out the v irioiis 
muscle lavers tlic kiieadin^ is demo in eonccntric circles deeph eiinugli 
to re )cJi loner muscle la a era Jii the iJ region there is eousidcrabk 
den e fascia and the kne adiii^, hottid be d«‘ep cnoii^li to reach t le must k 
groups 

The p/iysiolo^iral of petrisaigi i to stimulate both motor indstn 
sorj nerve endings increasing iiiii el< tone in proportion to the vigor of 
tho treatment within reasonable limits of time latigue and toxic prod 
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of tlio ticitmeiit and tlic ichtne proportion of time to tbc differ 
ent t^pcs of imnipiiJ itiou lit, dcfcimiiicd l*\ tlic object in mind 

Types of Movements — llicrc are fuc mini moiuncntb u«eil la 
imsgago 


1 Efilennge or <<trokuig 

2 retris«n!»c (pineliin^jor kncnlin") 



Jjo 3 — Iftrissage Cai.» Muscle (Courtesy Piul B Iloeber ) 


1 r ipittcmcnt (Incking, slapping or pticussion) 

4 Pnction 
0 ^ ibntion 

Effieurape or stroking iin> lie done lij tlie entire palmar surface of 
both hands, n«ed simnltantonsh or nltematelj In stroking mcdnim sized 
surfaces such is the arm or the loner leg tlic fingers and inner surf ice of 
the thumbs arc used -nith a firm but flexible grasp ivliich iccommndatos 
itself to changes m the contour of tlic pirt In still smaller surf icts like 
the Achilles’ tendon, the thumb and first finger oiil\ mav bt used Be 
tween the iiiteros«ci on the back of the band, the tips of three fingirs, 
or the tips of the thumbs are used also in both striight ind spiral stroking 
of the fingers or toes All stroking is done slowlj md with the excLp- 
turn of the special technic for amputation stumps, later to bo described. 
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lu the direction o£ the \cnoW!> or Ijmphatie flow It is done lij,hth for 
supcrhcial tlTett niort do ph to aifect tlic circnlJtion of iindcrKing tis 
su'S l\here possible the hand or fingers ire kept in contact with the 
part, returning lerj liohth to the starting point of the stroke Tlie 
pre sure is usualh slightly gnittr m tlit mid part of the stroke than at 
the beginning and end of it Efflcursge should be slowK done perhaps 
tweiit\ to thirty strokes per minute on the i\eragt It is a general ruk 
for the ino%eincnt to ht carried heyond the icit proximal joint It is of 
great imjiortaucc to tram the hands to equal skill so tbit they be 
Used alternately or simultancou K with the same deft touch In lull 
hand stroking the fingers should he held IightU together 

The physiological excels of tfHewrdge, a«. perfeetH definite In light ^ 
stroking the scnsitmti of cutnneous none endings i® lessened, there is ^ 
1 slight diminution m the skin circuhtioii md dimunshed activiti of 
tic skin glands In deeper stroking the sedatiie effect is not is marked 
There is a slieht inereisc of tlic skin cireuhtion ind ictmti of it gl mds 
and a marked effect on the returning cmulitioii in the lems ind hm 
phatics This aids in the rcmoial of eitni isitcd blood and hnipli and 
accumulated fatigue products 

Pcfrissagc (pint/ung orlmading) is perhaps the mo t valuable mn\e 
ment of massage and lionIJ, therefore be thoroughiv mistered Like 
cffieuragc the operator u cv a portion of the band compirible to the size 
of the tib lies to be kne ide<l On tbe muscles oi ibe b inds and face tin 
tips of the thumbs and first and second faDgCrs are iiscd for picking up 
tolling and twi ting the finer muscles In working on a single huger 
or toe use tbe tip of the thumb and first finger of one hand one pi ictd 
laterally, the other antcropostenorlv In muscle groups tbe size ot those 
m the arm the gmspiUg is donowitb the entire surface of the lingers and 
thumbs, mainlv bv flexion of mctacarpophalarigCil joints In gnspiiig 
larger muscle masses the entire surface ot both hands is used paralhl and 
the muscle hbers grasped transverselv In nuuv rCginiis particularh on 
the lack, the muscles are rolled and kneaded against the bone In the 
arm and lower leg the muscle groups are grasi^d between the thumb 
and fingers starting distalh with iltemate grisping and relaxing and 
working in a proximal dinctim Skillful operators often develop a 
slight twisting movement with thi hands whuU is an aid in thorough 
kneading On the abdomen when we aro unable to pick out tbe van ms 
muscle livers the kneading is done in concentric circles decplv eu ugli 
to reach lawc r mu clc 1 ivtrs In the gluteal region there i cm itlemble 
deiisu fascia and the kiieadiDg should K de<p tiioUgh to reith t u musch 
groups 

Ihe pJiysiologiral effect of petns age is to stiinulate b ith motor and sen 
sory nerve endings niLrusiUg mus«.lt, tone m proportion to the vigor of 
the treatment within reasonable limits of time Fatigue and toxic prod 
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\icts are mechanically removed, togctlier vntli extrav asted blood and Hinplj 
riie capillary circulation is made both more rapid and greater m volume, 
and the venous and Ivrapliatic circulation markedly quickened This pro- 
cedure 18 contraindicated in conditions of muscular hypertension and 
spasticity, and should he done lightly with a minimum length of time 
in muscles having a deficient motor innervation This stimulating effect 
on the general metabolism of muscle tissue is similar to, but not as cf 
ficiont as, that obtained by active exercise It can bo used as a suh 
stitutc for such exercise where mu'icle contraction would displace tbo 
fragments of fractures or bring strain on tom ligaments 

fapofemenl inoludcs slapping cupping, hacking and percussion 
Slapping should he performed with the palmar surface of the fingers, 
b\ quick, light, alternate strokes, vvrist relaxed, and the fingers or whole 
h inds immediately rebounding from the skin surface At no time should 
the stroke be heavy or the hand remain upon the skm By this teebme 
the sensory nerve endings are acutely stimulated, the superficial cipil 
lanes widely dilated, and there is a reflex general stimulation produced 
on the entire nervous svstem 

Cupping IS done by the hands, with fingers and thumbs held tightlj 
adducted and with a slight flexion at the metacarpophalangeal joints Tho 
blow IS somcvvh it heavier and while not remaining on tho skin, it has not 
the instantaneous rebound of proper slapping Tbo effect of cupping 
18 somewhat more intense and deep seated than that of slapping, but 
accomplishes much the same results 

Hacking may be given lightly or very heavily, depending upon the 
manner in which tho hands arc held, and the vigor of the blow In both 
types, blows aro stnick with ulnar side of the hand, and little finger 
The movemont is performctl by rapid alternating adduction of the wrist 
joints, coupled with slight supination of the forearms In light hacking, 
tho fingers are relaxed and sli^,btly separated and strike the body, the 
little finger first and the others in succession The blows alternate with 
extreme rapiditv and vntli a rebounding character, resembling that de 
scribed for slapping This movement is easier to acquire if the elbows 
are semiflexed and held somewhat out from the body It is one of the 
most difficult movements m which to obtain skill and necessitates con 
siderable practice In heavy hacking the fin^jCrs are held in adduction 
and rigid, the vvrist more n^id, the blows given more heavily and slowly 
The therapeutic indications for the employment of hacking arc the relief 
of muscle spasm of loc il toxic or traumatic origin, especially in the chronic 
stage, the breaking up of oi^anizcd exudates within the tissues, the 
vigorous stimulation of the circulation in large and deep-lying muscle 
rnasoes, with consequent stimulation of tho metabolic changes within them 
Another method of hadwing, sometimes termed beating, may be em 
ployed in dense tissues, such as the gluteal region In this type, the fists 
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are tightly clenched and the bod^ hit with the dorsal surface of the «econd 
phalangts of the fingers, by a combmahon of e'^tension of the elbow and 
flexion of the wrist The phxsiologieil effect would be the same as that 
of heavy hadang 

Percussion maj be done lightly by atnhing the back of the index 
finger, distal joint, with the index finger of the nght hmd in exactlv 
the same way that it is emploxed in pfav-jical diagnosis For heaiier 
effect the finger or fingers of one hand may be struck, by the ulnar side of 
thp clenched fist A light alow rhythmic percussion is soothing in its 
effect upon nerves lying within the area reached, and converstlv heavii.r 
percussion is stimulating to them To a certain extent the \ isccra supplied 
by spinal nerves mav be effected by percussion along the spine in the 
region from which they are innervated A similar effect may b« sccureil 
at the point where peripheral nerves exit through certain foramina 

Fndion is given by the uso of the tips of the fingers and thumbs or 
the thumbs alone, placing them on the skin and moving the skin over the 
subcutaneous tissue, with varying degrees of pressure The movements an 
nearly always circular in type and as before stated no lubricant should be 
used, for this causes the fingers to slip on the skm and makes good frie 
tion impossible In small areas, such as the hands ond wrist, the thumbs 
and finders may bo used simultaneouslv with opposed grasp while on 
large flat surfaces it is more convenient to us the thumbs with their pulps 
describing opposite small circles On small joints such as thoso of the 
phalanges, the thumb and one finger of both hands may be used simnl 
taneously When a sufficient number of frictions that is six to twelve 
are performed on an area the fingers or thumbs are raised and placed 
in a new position and the procedure repeated until the entire nrta to bo 
affected has been covered The indications for the use of frictions arc 
to break down adhesions, soften scir tissue remove extravasated ma 
tenal from around joints and tendons and to reduce soft exuberant callus 
In moderately large swellings the movement should be first around the 
periphery and then toward center 

T ibralton is accomplished as a rule by the application of one or more 
finger tips to the skin, althougji the palm of the hand or a portion of the 
clenched fist mav also lx, used A rapid tremor is effected by the action 
of the muscles of the entire arm to the shonldtr joint The effects pro- 
duced resemble those of percussion and are used for practically the same 
purposes Prolonged light vibration will effect a numbing of a superficial 
nerve while powerful deep vibration will stimulate The direct stimula 
tion of the abdominal visttrx is possible bv applying this method to the 
abdomen 

General Lfjech — Ihe detailed descriptions of the various movements 
givcn'aliove should enable the physician to combine certain of them for 
his desired therapeutic result. 
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General Indications — in «<>i!sp form h imlicafod m most 
infliiium(or% prott <11 >< in tluir s«l»i(utP or cliroiiic stipe, Mlidlior toxic 
or triinintic in onp,in, tlnii n amtinp in tin loc il riiiio\il of cfTttc ma 
tiniil from tlie tissm^ 

In ntropliii- iiuihK condition^, from «lntc\cr ciiisc 
loiiicni«» motiliolisin liotli pi nor il nml local 
To«tumtlnt( tlionitnitx of tin skiii^Iiinds 
To ridncc tin amount of war ti«siie and calln** 
lo luin i ( tin hinphatic nml a < nous circulation 
For «!idatut illiit on tlie Pinwr^ lior\n, and con^C(]iicnt promotion 
of *1101 p 

lo I'sccrtiun and aid m tlic nmoval of foriipn IxiJii^, siicli as 6 nc 
liripiu 1 •»liot or tun ill pieces of necrotie limic m cliromc ci«i« 

Contraindications — Milicuant ti me or KWillni^s wliuli nnclit Iv 
am clniice Ik milipinnt, «ho«l(l never Ik miwicid until a definite di''? 
iiosis is made Adtlur should ho gum in iho following 

conditions 

Acntc infl iimnntorv proces cs 
Amti skill iiifictums 
\cutc di ( 1 e aicompaiiKd l»\ fiver 
Aeiitc plili Intis and thrombosis 
I vinpli iiipitis of local mute mil immvtorv eonditions 
UBtioimi litis, gistric or diiodmal iilci rs and m irki d dtprn s of hernia 

Ginh^vl Mvssvoi — l»i-nioN\i XicitMO 

In a generil IkhU troitinciil tlu projwrtioii itc timo given the various 
pirts of tilt Ixidv Ins alreidv Ikhii stated and 13 simph added for a com 
pittp trt itiiuiit riien nnnms to Ik giviii the manner in which the 
V inoiis nnoeim iits an hlendtd in a thorough iin« ipi of the diiTirnit re- 
,^ionsof till hiuh It IS ciistomarv forninnv mas ears to use piasno move 
mciits m tonmetion with imss-igp Jht e joint movtimnts arc given, as 
a rule just U fore tin final stroking the distil joints first, and m eicli 
cist, if possihh lilt joint is iiiovttl thnniali its iiitin normal rmpo of 
motion S( irril tinii s 

rasaivL motion IkIoiuts propcrlv lo toe Biioject of cxerci c, and i* de- 
hcribcd more fiilh m tint ilnptir Facial and head imssigc is not m 
eluded m the routine gnu ml tn itmcnt 

The Arm — Mam opintors Ik^ui <m the nii^trs and Inml with all 
the iiidicitcd movements, and vvorl centrnllv '^ome hive felt tint it 
n more ndvmhlc to work fiist on tho proximil, thni on the middle and 
hsth on the distal mnin segment of thi limb, movtinents in each region 
Ixin dirocttd cintriUj In this maiiiipr the Ivmphatic niid venous cir 
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cuktions are depicted b\ natural stages This sime effect ma\ be ob 
tamtd bj prelimniarc deep stroking Ibe stroking is carried from just 
I>clf)^\ tbe ellio-5s to oitr the sbowVdtr cap using opposite grasp o£ the 
anterior and posterior muscles, with modemtelj firm pressure Ihe fore- 
arm 13 manipulated in imicli the same wai the strokts running from just 
bcJjw the wrist joint to sli^htlv hciond the elbow Si^ or eight rcpeti 
tions of fairly long deep slow strokes are sufficient to accomplish this 
result ^\emai then start as is mual with the fingers 

Ihe fin^eri and thumbs arc worked on rapidh, covering their entire 
surface about twice with altiniau pinching tirting auttropo«terinrl\ 
and latcralh, followed bj spiral stroking Hus is done bj using the tips 
of the Supers and thumbs The th«nar and hvpotlienar eminences are 
petrissa^cd and frictiancd followed bv fingertip stroking between the 
intero sei on the back of the lund The wrist is then fnctioned anteriorly 
and posteuoih The fiiuers ind thumbs aie next ripidh flexed and ex 
fended pa«3nclv Hveral times followed bv cineumduction of the thumb, 
after which the wrist is moved through its full range of motion 

Petrissage of the forearm is givm bv oppmto grasp with ascending 
cireiihr kneading the right hand shghth aheid of the left, and earned 
to thf muscle origins lejond the elbow joint If preferred one hand can 
be used alone, the other supporting the pitients hand lapotcmeiit may 
bi liehth given, but vs vwuallv omitted in muscle groups as «mvU as those 
m the foreanft and arm k few slow deep cfficumgc movements com 
pleto tiie work on the fon inn Uitli the elliow scmifltxed the joint is 
worked on with fingertip friction Loth nnteriorU and posteriorlv, fol 
lowed bv pasuve mctions of flexion extension pronation and supination 
of the forearm 

Petrissage of the arm is directed first upon the anterior and then upon 
the posterior muscles, with the rijit hand alone or the hinds used parillel 
to each other The exten ors of the elbow an best rcichcd bj flexing 
the patients arm across his chest This is followed by slow deep ef 
fleurige, earned oicr the shoulder and fnctiom entirely covering the 
shoulder joint A mimUr of long rapid li^jlit strokes from wrist to 
shoulder complete the nia sage 

The Leg — V few si iw deep strokes of tli thigh leg and foot in 
order, are first given Tlien the toes are stroked singly or together 
Thunih friction and finger stroking is done over the dorsum of the foot 
the outer border and very tboroughlv over the arch The petri age and 
strckin,^ of the lowtr leg is jinird at pickin„ out the tibialis diitiiiis 
pi roiii 1 and calf muscle group and must be deeply and well done to reach 
the deeper King and hciiTier posterior muscles Passive motion of the 
toe« foot ankle and kmc are f.iven followed hv full hand petn sage and 
d(cp striking of the mu elcs of the thigh Jxing slow stroking from foot 
to thigh completes the triainiut. Taptement iniv be used over the calf 
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muscle group, in Ixith tno anterior and posterior tlugli muscles, wilh care- 
fill friction over tlic Ivnco in tlio popliteal spice 

The Abdomen — Iht generd object of fllHlominal massage is to stimu 
lato peristalsis and the movement of the intcstnnl contents, to stimulate 
the acti\ it) of abdominal glands , to Btwnwlate the muscles of the abdominal 
^vaU The patient should lx supmo and ii'wc tlio knees raised and sup- 
ported to acquire proper relaxation \S hen. there is tondcmcss in Ibe 
region of the gall bladder or appendix and during monstniation and preg 
iiancN, nbdomiml miissagt is contra indicated 

The palmar surface of tlie band is held adducted and li%pctextcndod 
and all kncadinp is done in a circular manner One band ina\ be nW 
nloiip, or for dcipi r i ffict tbo otb( r b ind phetd dinctlv on it, incrcism,. 
the ippbid pu^Mirt It i** common to Mart m tbc region of the cctimi 
perfonniiie two or tlircc deep kneiding moicmcnts, tben Kplace the lin'd 
in a 8lip.bt)) higlifr position, repeating b\ follouiiig tbc course of tlie 
rolon 1 0 reach a proportion of tbe am ill intctmc, circiilar knosdmg « 
extended in concentric circles until tbc entire abdomiDol mil is covcitJ 
(lentlc, sprifijTV, nltemito pressure and rel ixation over the brer, and ab- 
ilomunl M^ccra la u«od for direct stimnUiion Tor the rcmoifll of 
flatulence the v,holo band ma\ lie ngorouslt percussed with the pu’jo 
of the otlur baud or tbc clencbcil fist o\<r Ibc hepatic and splcna- flestuJ'ot 
of tbc colon, and over the stomach Ocntle stroking uith the binds *pfO 4 
starting high on tbo flanks and comc^ng louard tbo groin, is used JO 
wmpltting the treatment 

The Chest — Plaeo tlie thumbs at either side of the Btemum ind kae^'l 
and friction touard the axilla in the first intercostal space, dcepli cdoJc'' 
to effect the intercostal rowseks throueb the pectorals Friction and knciid 
the (lancular and sternal origin of the pectoral muscles Tbo outer half 
of the pectorabs major is tboroiigld^ kneaded bj the fingi'f tips i» ^1'® 
axilla, and the tliumb over tbc front of tbc muscles, or better still bi 
the finger tips of one hand aboeo, tho other below the muscles, perfonniDg 
a circular kneading Finish with effleurage toward tbo shoulder tip 

The Back — The patient is plaml prone and an effort made to rc!-'' 
completely the erector spinm muscles bj placing a small pillow under the 
chest and thighs Tins may be moro idcallj done b) an adjustable 1 am 
mock frame similar to tb»* Bradford frame Efflcuragi of the entire lari! 
with both hands simultaneously may bo used, stroking the outer 
of the back upward and outward to the shouldtr eip, tho neck and i 
part of the trapezius from tbc occiput downwanl and outivard to 
point of the shoulder Ihis is folloucd by strokes bi^tining at the neck 
and continuing downward clo«e to the spine, allowing the hands to separate 
at tho sacniia, and pass to the outer point of tho hips A genes of irt®" 
tions, both bands working, Bimultaneously, on either side of the spine 
and parallel to it, thumbs meeting at the spinous processes, mav be gi'C“ 
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starting from tte neck and •noiking down to the sicnm repeated several 
times Thorough kneading is then done, the hands placed parallel, work 
ing on the muscles of the neck, on ono side and following the trapezius 
h'fers to the shoulder then on the opposite side followed by the super 
spinatus, infr'ispiiiatus, rhomboids, erector apina3 and other groups «ep- 
iratelj The erector spiii'c must be worked on deeplv with the tips of 
the fingers and thumbs Light tap-itement over the heavier groups of 
muscles and down the erector spin'c is added where stimulating effect is 
desired The treatment is completed bv a thorough repetition of effleurage 

SnSIMATV 

There are certain salient ficts in regard to mnssige and its vise in 
therapeutics winch it might be vvcll to review in closing We arc not 
dealing with a single entity m massage but with a number of different 
nwnipulations upon tho bodv winch in theniscUcs have distinctive phvsv 
ological effects These differences mav be further emphasized bj the 
manner m which thev arc. given vs ree,irds skill force duration and rcpeti 
tions of the laovement If the underlying principles hare been made 
clear the physician should be able to prescribe or perform suitable mas 
sage wherever the employment ot any phase of it is indicated Such 
intelligent choice of tvpo and amount is of greater value to the patient 
than anv degreo of technical skill on the part of the operator There has 
been on the part of the profession loo great a tendency to place rtlienco 
upon the teehnicil skill of mas eurs, grounded in some one school or sys 
fern Increased care in the details of the prescription for massvge to 
patients and its proper correlation with other phases of physiotherapy will 
greatly enhance its value in the field of therapeutics 


EXERCISE 

Evercise is one of the fundamental hodv processes, and ranks with 
food, rest elimination and respiration in the importance of its relation 
ship to health Alodem civilization has modified evercise more than it 
has any other fundamental pha t of human life It will be shown that 
the officiiDcy of the bodv as a machine is to a very large CTtent dependent 
upon the efficienev of the muscular system Every other important svs 
tem in the bvdy nervous glandular, respiritory, circulatory and even 
0 «oou9 is profoundly influenced by the activity or non activity of the 
skeletal muselps Too much considv-ntion therefore cannot be given bv 
the phvsician to this important subject. His advice if intelligently and 
faithfully followed will increase the effiaency of the average individual 
prevent illness and deformity and he has at his command a powerful 
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jmisJo group, in Imth tne anterior and posterior thigh niii«clcs, witli cait^ 
fill friction 0 M.r tlic kiicfo iii the popliteal space 

The Abdomen — Ihc gcmrnl object of abdominal ina<isnge is to stimu 
Into peristalsis and the moiemciit of tlio intestinal contents, to stimulate 
the nctmtj of ahdominal glands, to stimulate the muscles of the abdominal 
Mall riic pitiiiit should l>o supine and have the kiicta raised and sup 
ported to noqmro proper nlaxntion Where there is tenderness in tbc 
region of the gnll hladdir or appendix, nml during inenstnintion and pre^ 
mnej, alHlominnl massage is cmitni indie ited 

riic palmar surface of the hand is held adducted and In'porextcndcJ 
and all kniading is dom m a circular inaiiner Ono hand imj be useil 
nlone, or for deipir cfTitt the otlur band pl iced dirictls on it, incmsiiip 
tlie npplud pnssiin It is coiiimon to stirt in the region of the eccum 
performing, ti\o or three doip kneading nioicments, tluii repliee tlie Innil 
in a sli„htl^ hi,,lior position, npcating 1)\ following the course of tbe 
colon 1 0 re ith n proportion of tbc small intc*‘tine, ciruitlar kneading » 
txttnded in concentric circles, until tin <ntirc abdominal nail is eoicrcil 
(fcntle, springy, nltcnisto pressure and relaxation oior the liver, and sb- 
domiiial Mscora, is nscxl for din'd atnnnlilion lor the rcmoysl of 
thtnlciico the uhole hand mnj Ik, vigorously percussed uith the pain* 
of the other hand, or the cIcucIkhI fist over tlio liepatic and splenic flixtiircs 
of the colon, and o\ or the stomach Gentle stroking u ith the linnds spreaJi 
startiiip, high on the (links and comerging tonnril tin groin, is used m 
complotnig tho tre itnient 

The Chest — IMace the thumlw nt cither side of the sternum and bncal 
and friction touard tho axilla in tho first intercostal spice, deeply cnoii b 
to cfToct tho intorcostaf mnscles tlirougli the pectorals Friction and kiiifld 
tlic clavicular nud sternal origin of tho pectoral muscles The outer bah 
of tlie pcclornlis major is thoroughly kmaded b\ the finger tips m tbc 
axilla, and the thumb over the front of tho muscles, or better still bv 
tho finger tips of one hand nlwve, the other IhjIow the muscles, pcrforiniu"' 
a circular kneading Finish with cffleumgo toward the shoulder tip 
The Back — Tlie patient is placed prom, and an efToit made to rchv 
completely tho erector spinie muscles placing n small pillow under tbe 
chest and thighs This may ho more ideally done by nu adjustable baia 
mock frame similar to the Bradford frame J (llcurago of the entire back 
with both hands siimiltaneonsly may Ikj used, stroking the outer regions 
of tho hick upward and outward to the shoulder cap, the neck and uppC 
part of the trapezius from tho occiput downwanl and outward to tbc 
point of tho shoulder This is followwl by strokes lieginniiig at the nerb 
and continuing downward close to tho spine, allowing the liaiids to scpirnte 
at tho sacrum, and pass to the outer point of tho hips A senes of fn*^ 
tions, both hands working simnltaneouslv, on cither side of the spu’*’ 
and panllel to it, thumbs meeting at the spinous processes, niav be gi'i“ 
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ion concentration in the blood pa&smg throng the respiratory center, and 
bj ncr%oiis inipiil«cs of ceiitril origin which mcrea'se the cnsitmtv of 
that center 

Under normal rtht tonditions the output of the hiari is about 3,000 
or 4 000 c c of blood per rainiitc In extreme muscular effort this amount 
may bo increased to almost 20,000 cc Diastole is a passive process de- 
pending on the aoliime of venous return flow During active exercise 
this riturn flow is augmented b\ the increased mechanic il pressure exerted 
on the veins bj the contraetin,, muscles and bv the inerea ed rate and 
degree of the pumping action of the dnphngni Hie pin siohgic il limit 
to the diastolic enl irgemtnl of the heart is reached when the pericardium 
18 tilled 

rale ae«??rtt2io« is dependent upon the time it tahes to fill the 
auricles The main factor in detormmine, the total output of the heart 
13 the qualitv of its mu ele fibers The rate of contraction is mere a ed 
bv impulses from higher centers to the vagus center lessening the tonus 
of the heart fibers U the same time (he accelerators arc stimulated 
The miximura paiUc rate is about ICo beats per minute in both trained 
and untrained uidividu aU The relative efficicncv of their hearts depends 
on the amount of blond per beat that the contractile power of the heart 
is ahlo to drive into the aorta The net working power of the heart is 
cheuased if the pul'C rate is raised vvilliout increasing the total output 
per minute or if its dilatation goes bevond the phvsiologicvl limit 

Increased local Hood suppli/ to the muscles is obtained bv inert i nl 
hhod pre ure constriction of the vessels in the splanchnic area and the 
dilatation of those vaithiii the muscles thcmsolvvs It inaj reach from 
SIX to eight times tlu amount of the circulation during rest 

Oxijtjen IS supplied to a working muscle m greatly increased am nints 
Double the usual amount is witlidrawn from the blood The increisid 
concentration of the livdrogcn ion leads to more rapid dissociation of 
oxvhcmoglohin, raisin^, the oxvgcn tension in the blood plasma and aid 
in^, Its passage into the muschs The heart it*=olf demands minv times 
its usual suppla of oxvgcn which is supplied bv the coronarv circulation 

During violent exirtiou manj parts of the l>od\ act ns o unit to supply 
the requisite power The impulses to motor activity are usually instituted 
In the motor itiiters of tin brain Impul ea to the. medulla increase the 
respiratory rate and rai c the blood pressure Later the increased hvJro 
gcii ion Cfinceiitratiou helps to su tarn effort The impulses from the 
criitral nervous svstiin arc gnatly increased under emotional stimulation 
which enables the heart to draw on its rt erve pawer, beyond that emo 
tional stimiilafun has no effect The role of the internal secretions 
c«peculh adrenalin is pro! ibly small in increasing immidiatc working 
I^owcr 

Iraimng increases efficiency in manv wavs It is accomplished by 
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tlienpontic agent m the trentraent of Joanj pathological conditions, irliieh 
imj "ilreadj be prCbCnt 

In professional and business life the amount of caercisc tiken bj the 
aicngc person is almost ml, while the skilled trades are requiring the 
management of iiitntate machintr^ rather than manual work Both men 
tal application and the use of finer muscle courdiiiationg are a dram on 
the stored ncraons energy of the boda lltasoinhlc use of the larger muscle 
groups, on the other hand, has the effect of increasing nltimatel} the bodi s 
reserve power 

Physiology of Exercise — A hnef wvuw of the more important fads 
m the phjsiologi of exercise will tend to emphasize the far reaching ef 
fccts it has throughout the l>od\ We are too apt to consider the subject 
from the standpoint of the skiktil muscles alone The reader is referred 
to texts, such as that of Bainhridgo, for greater detail JIusclc povtr 
demonstrates the hodi s efficiency as a machine llic actnc courdinatinn 
of the entire iicnous system and the cirdiorcspiratory sastem arc cs’cntial 
in all Mgorous exercise Sueh co<inliiiatioit is not essential and docs not 
occur in ana form of p assn e ext rcisc or mas* igc The energy for luusJe 
work IS dcitloped in the miistles tlamseUcs, and thes transform poteiitnl 
into kinetic energy, and then renew their store of potential power during 
rest Ihc libtrition of ei»<rg\ in a working muscle is prolnbh a 
oxidatuo process Oxi^en is nccessiry to rcphcc potontiil energy, whieli 
must be obtained ultimafcK from the oxidation of tlic food brought to 
the niuseles by the blood 1 xcrcisc increases the demand of inusele fjr 
mitntuin and oxygon Diiniig, soycrc physical exertion, the mu elea con 
sume from h\c to ten times the inionnt of oxygen that they u e diinn" 
rest lo supply the oxyj,en, increased actieity of the respiratory syateni 
18 essential iVc have the increase of heart rate and yigor of contraction^ 
rise m blood pressure incrciscd depth and frequency of respiration, and 
ictivity of the central neryons system, all these being an essential con 
comitant ot exerci«c 

The aiailahh energy for mitscul ir yvork is denyed almost entirely 
from carbohydrates borne of it comes from fats under certain condi 
tions, but practicilJy none from protein later protein probably pi'}® 
an important pirt in rebuilding the potential energy of the muscles 
Lactic acid appears during muMiulir yvork, and the hydrogen ion concen 
tration is probably yitil to contraction 

The efficiencg of the body considered as a machine is rather low 
It vanes from 20 to 33 per cent, depending on. many factors such as 
trainiiip, speed of the ino\cmcat, especially in relation to the so-eallf^ 
“natural rhythm ’ climato and fatigue 

The oxygen con.'«u»ip/ion during exercise yancs diiectly ns the amount 
of work ind the degree of pulmonic ventilation, other conditions being 
equal Greater ai ration of the InngS is induecil by the mere isod by drogen 
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of functional and organic injiirj The pencirdium maj become enlarged 
mtli the licirt and permaneDllj lonered eiSciencj' of the heart result 
making muscular exertions either dangerous or impossible 

Physical Education — There is a present and growing world wide in 
terest in phvsical training This is due to many factors some of which 
arc 

The deplorable phaaieal conditiin of nearly one-third of our manhood 
as revealed by that first national health census the recent draft cxamina 
tions for the army 

The realization that a soldier is no stronger than his heart, or the 
muscles and ligaments of his feet and back 

Tho intensified interest in athletic eompetition for both bov s and girls 
The fact that m becoming a city dwelling nation wc are reducing 
bevond the limits of «afetv th© piny spice of our children. 

The intensive study ot industrial fatigue md its relation to efficiency 
The fact that early physical deterioration and preanture deith is cans 
ing tho loss to the countn of the serncos of too mam of its business snd 
professional men when they should till be in their prime 

Types of Exercise — The advice of the pliv icun is constantly sought 
regirding the type of exercise suitibl® to various conditions tho possible 
dingers of athletics and how to sifcgunrd the participant from them 
The general practitioner cinnot be expected to bo familiar with all 
the phases of physical education which is becoming in itself n specialty 
of medicine Howeier, with an adequate knowledge of tho physiology 
of evrcise and of some of the conclusions arrived at by those in this 
gpcualty the physician should be able to give iDtelligent adtice to patients 
on exerctsc problems 

Lxcrcise falls largely into the following types speed, strength, en 
durance, skill and corrective The last will he discus ed under the 
heading of orthopedic and medical gvranastici 

Lxercises of speed m which a given distance is covered in the shortest 
possible spite of time, are suited to all ages up to thirty five provided the 
distances for children and ndolcscents aro materially cut down Ulus 
trated by sprint running this might be a «ife rule allow up to twelve 
vears 40 yards, twelve to fiftctni years 7«» to 100 yards fifteen to 
eighteen up to 220 yards depending on training and condition 

tvorciscs of sfrengih such as wei^t throwing gymnastic apparatus 
work and wre tling arc those whicli require every ounce of ones energy 
to perform They are best adapted to the ages of sixteen to torty years 
carofullv graded for the imimtnre 

Fxcrci cs of eiidtirancr are composed largely of many relatively slow 
and rhythmical repetitions of movements easy m them elves, such as 
distance walking running skating dancing and swimming and certain 
team games with Jong plaving penods They are guitablo to any ago 
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a steady and gradual inercaac in the amount of exercise taken Diet, 
sleep and other factors aid The heart and the diaphragm are developed 
simultaneously avith the skeletal muscles During severe exertion thp 
trained indi\idual maintains a lo\icr blood prissure and pwUc litc find 
the amount of ph\ uological dilatation of the heart is less than in tBp 
untrained During rest also his pulse is slower, but the hearts output 
per beat is greater than in one out of training The increase in iBe 
oxygen-carrMiig poiier of the hlood, strength of respiratory muscles better 
coordination of muscles and keener judgment of the degree of effort re- 
quired, all uork to the adinntago of the trained person 

Second « ind — that relief from distress shown b\ distance run 
ners after part of the nee lifts been run — is belieicd to be due to a fall 
in the alveolar tension of CO and a decrease in the neccssan amoiuit 
of pulmonic icntilutiou from a doert iscd hydroj^en ion concentration in 
tilt circulatory blood 

Faligue is a hastned capicity for performing yvork accoinpauud bv 
soieral subjectuc oensations Tiic feeling, of fatigue and its actual pres 
ence art not aluays tlie same thing It may be ecneral fatigue, having 
Its mam effect upon the central nervous system Tins type is common 
On the other hand, it may be largely local and due to a lessening of the 
Brnsitivitv of the <nd plate of the motor nerve in the muscle by accumii 
lated fatigue products, or to a marked depletion of the potential cnergv 
within tho muscle Rest and an efficient circulation soon restore the 
muscles to their normal or increased capacity 

Tho after effects of excrei«e The ehinges induced hv exercise in 
the eirculitorv and respiratory appiratua quickly subside The general 
metabolic changes in the bwly return to normal more slowly Exercise 
19 beneficial when it stimulates those metahoUc processes in the body and 
promotes functional efficiency Improved circulation, digestion, ehmina 
tion and sleep should result It has been stated There ts no eiidence 
that in a perfectly healthy man eien the most tnfenve exertion products 
any harmful effect on the heart It might he hotter to say on the 
trained heart 

Effort syndrome — occurring during training is diminished abilitv 
to perform muscular work This phenomenon is accompanied by exag 
gerated respiratory and circulatory changes during exercise, and bv l^^ 9 
of app'tite poor sleep and feeling of lassitude Athletic coaches call tbis 
condition stalene^f The contractile power of the heart is lcssenc<l 
by oyerwork, resulting in a failure of the chain of events wp have spoken 
of which supply the workin,, muscle xnth an adequati supply of oxygen 
A similar condition also occurs following the effect on the heart mus 
culature of the toxins of acute and chronic infectious di ease and the 
lessened cardiac tone/ot sedentarv life If the heart is seriously impaired, 
violent effort will ^ followed by pathological dilatation and other signs 
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whicli cinnot be guarded against and the parents judgment is as goed 
as the plnsician s ns to whether it is worth while It teaches more things 
of value than perhaps am other game Easkctbill is one of the most 
strenuous of games Water polo and print swimming and wrestling art 
also aerj severe Crew nets over two miks in length are \trv taxing 
Iht 440 aud 880 jard runs arc harder than the sprints or distance runs 
The Girl — A drastic change in the phtsitcl life of girls has taken 
plate durin„ the last two detadis From hcanbigs croquet Pelsarte 
and a sporadic attempt at bieachng, thea ha\e taken up field hockcv ite 
hockcj, tlicir own and mens haskethiH ha elall swimming association 
football and track and field athletics This movement is no fad hut is 
growing with each succttdin^ atar In its w ikc come si rions problems 
for the plnsician, parent and cducatrr the proper solution of which will 
vitallv afT«t the ph'sical health of the lution 

Unquestionably there arc mans guns to the girl from athletics 
Courage, tlf reliance sportsman hip ind tlie ideil of teamwork’ are 
tiujit The function of the heart lunga mns< los and the iicuromu'^ular 
cojrdinations are greith iroprmcd The c activitns form as with the 
bo', a rational outlet to snperflnons energa On the other band, certain 
dangers are to be feared Tbe writers ca)Hnenee nnil research in this 
phase of pbasical education has led (o the following conclusions 

Athletics when properlj ccntrollcl do not tend to make tlie girl loss 
womanlv 

^\hcn gnon the «ame eiia in n^ird to medical examination eons 
potent snpcnision and training she is iii no more danger from heart 
strain than is the boa 

The skeletal mu cles are in no way attached to the pckie outlet or 
pennciun and their firm dccelopmcnt emnot lucrca c the diffiuilu of 
labor On tlio lontran the tn fti i ci ne ml ini t diolism strong r aluloimii il 
muscles and mcreasid ph\ ical coiu-igc deed iped b\ athletics arc a dis 
tinct a ct to the m un^ wfman at that time 

T1 re is no dinger of ur^inic di placement from tlic jumps and falls 
uicuhnt to ithlctics pr i\ ulinc the jiinipin„ pits hurdles etc, are projv 
trlj constructed and that tbi girl is m hnc athletic condition Tlie tone 
of all siippirtiiig stnietiiris is impnccd in direct proportion to the im 
proaeineiit in tin tone of the kcktil mii ck 

Paring men tni'tion li^ht cxcrci e suck as marching tactics clul>- 
Bwiugui^ etc she uld be kipt np Practice in certain phases of athletic 
such as ba kctliill goil shooting and signal pins form for the sprint start 
and siiniiir plus maa lx u od thronsh the entire pcrioil Afore iigoroiis 
plica and exon conti Is -maa be pcTmitted after the third dav with most 
indiiiduals The girl should not bi allowxd to term this nirnnl function 
ilincss nor m the ah« ni i of a pafliologieal condition should she greatlv 
inodif\ her routine activities Cartfulh followed up records of gradu 
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up to middle life, arc never overdone bv tlie cliild on liis own initiatiTe, 
but need careful supervision in earl> adolescence 

rverLi«es of skill such ns golf, bowling, quoits, curling, ck, arc 
applicable to an^ age and are especiallv beneficial after middle life 

Afost teirn sports combine several of these tv pcs and must be judged 
b} their mini elements The fictors of time or distance cm lx used to 
set a rea onable limit to the indulgence in tbem. 

The ideal program of physical education should include at least four 
tlemonts without all of which no such program can he called complete 

1 A prelimmarv phvt.ieal and incilical examination of ever) in 
dividual who is to partieipitc in plivsical activities is essential This 
examination should astirtain tbo organic structure and fiinctirmil power 
of the individual Girth of forcirm upper arm and wrist arc unimpor 
tant, but the condition of Kulnevs, thvroid, heart, lungs, spine and feet 
arc vital Before cxcrci*o is rtsiimcd, a carciul pctxiniination is c cutial 
after anj illiio-s or nijurv liowcvcr slight 

2 A carcfullv written prescription for special excrci«c sliould be 
given, to bo carried out under trained supervision, whciicvor remediable 
defects are discovered 

3 Begulir svsteiintic bodv biiildiii„. exercise should be insisted upon 
for cverj one Pirticipation in athletics should bo a special reason for 
taking this work instead of an excuse for omitting it 

4 Athletics for all who are fit during at leist put of the season may 
safely be built on this found itioii There ts a place at the ‘ peak” for the 
V iraitj team composed of the phvsicallv fit, cuofiillv trained and con 
ditioiied who ma> with reaboiiible safety be allowed to specialize in 
strenuous athletics 

The Child — M hen we cbaiu<d the single hoii c with its large varJ 
to the multifimilv apartment building, wo cut down the play spicc po 
child many fold Formal school gvmiiastics and organized pliv undvr 
triincd supervision can but partially compensito the child for tins los^ 
The phvsicww showld hick tvtxv effort to establish adequate physical 
trainin^ in the schools and to provide sufficient Litv plavgronnds One 
vvelltnuicd phvsicil director is better than any number of unskilled m 
stnictors Competent medic il examinations cannot be instituted too carlv 
in school life 

The Adolescent — This is the age where strenuous athletic games are 
indulged in It mu t be remembered that rapid skeletal grow'th durmS 
this period outstrips that ot the cardiovascular svstem Heavy demands 
arc made on the vouth b> development, studv and social activities 
must be reckoned with in deciding on the proper phy-^ical education 
program 

The Boy — The shortening of the pliying periods m manv games 
has added greitlv to their sofetv Football still has elements of danger 
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'nhich cannot be pnrdod agaimt the parents judgment is as gojd 
as the pb^slclan s is to whether it is worth while. It teaches more things 
of Mine than perhaps am other game Bi Lctball is one of the most 
trennons of games Water polo and sprint swimming and wrestling are 
a!«o \cr\ seicre Crew races over two miles in length are lerj" taxing 
The 440 and 880 lard runs are harder than the prints or distince runs 
The Girl — V drastic change in the pha itil life, of girls has taken 
place during the la«t two decades From beanhag® criquet Dclsarte 
and a sporadic attempt it hiescling thes liaac taken up field Lickev ice 
hockey, their own and mens hisketball hiselnll, swimming association 
football and track and field athletics This inmeincnt is no fid but is 
growing with eicl sucetediiig lear In its wikc come erioiis problems 
for the phjsiciin parent and educator the proper solution of which will 
vitallv affect the pbisical health of the nation 

Unqnestionahlj thero arc min\ gain* to the girl from athletics 
CmirjgO, self reliance «portsmin«liip and the ideal of teamwork aro 
taught The function of the heart hmg* mu clcs and the npiirommeul ir 
eojrdinnfions are groativ improieal Tli(«< nctnities fonn as with the 
1 n a rational outlet to snperllnuus ener^\ On the other hand, certain 
dangers are to he feared The writers cxjxnencc and research in this 
phase of physical education Las led to the following conclusion* 

Athletic* when properK cont^■>1K I do not tend to make the girl loss 
womanly 

Mhcn giicu the some rare in regard to medical examination, com 
potent aiipcrvision and traiiiing she is m no more danger from heart 
strain than is the U a 

The *kcletal mmeha arc m no war attached to the pehic outlet or 
pemicum and their firm deaclopment einnot inerei e the difficult) of 
lifxir On the confrin flu Is ffi i ^<iur il met iItIisui sfiiuigrr ilHbniiinl 
niii*clcs and incrci*rd pin leal cotirige dciclopoel by athletics arc a dis 
tiiict a sft to the y<>un„ \yomnn nt that time 

11 re Is no dinger of or^imc displacement from the jumps and falls 
nicidfiit to athletic* prwidiiig the junipuig pit* hurdles etc. are prop- 
erl) mnstnictcd and thit the girl i* m hne ithletic condition The tone 
of all supporting struetims js imprwid m dircet proportion to the im 
proeement in the tone of the kelctil muselp 

During vini\lrunUi>n li„1it exiwist *u<h as marching tactics cliib- 
swiiiging etc slinuld be kept up I nctice in ccrt iin phases of athletic* 
smh as basketbill goil shootm^ ind signal play* form for the sprint start 
and siinihr plays may Ix’ u ed through the entire period Afore vigorous 
fla's and even contc t mav be p rmitted after the third dav yvith mo t 
individuals The girl lionld uc t lx allowed to term this normal function 
ilhic 3 nor, m the ahsi nee of a jiathologicalcondiliin should «hc greatly 
irsodifv her Tontinc actmtics Carefully follawcd up records of gradu 
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up to middle life, arc uo\cr overdone bj the child on his own initiatiTe, 
but need careful uponision in carK adolescence 

I xerci'scs of skill such as golf, bowling quoits, curling, ck, are 
applicable to nii> age and arc cspccialh beneficial after middle life 

Afost team «ports combine «e\crnl of these tapes and mu t be judged 
ba their mam ilemciits The fictorb of tune or distance can be ii«cd to 
*ot a reasonable limit to the indulgence in them 

The ideal program of plnsical education should jneliidc at lej«t four 
elements without all of which no such progrim can be called complete 

1 A prcliminar\ ph\sical and inidicil evamination of eien in 
(liMdnal who is to pirticipatc in phasic il actiMtics is essential This 
examination should ascertain the organic structure and functional powit 
of the indnidiial Girth of fonami, upper arm and wrist arc nnimpor 
taut but the condition of hidiiccs, tlivroid, heart lungs, spine ami feet 
are \ital Before exercise is resumed, a careiul reexamination is essential 
iftorana illness or injurx Iiowcatr slight 

2 A carefulh written prescription for special cxcrci«c should be 
giacn, to be ctrried out under trained snpcrMsion, wlicncacr rcrocdiable 
defects arc discoacrcd 

3 Rcgul ir s% tein itic lioda buildni^ exorcise should bo insisted upon 
for evera one Pirtieipition m atldctics should bo n special rci«on for 
taking this work instead of an excuse for omitting it 

4 Athletics for ill who are fit dnriiu; at least p irt of tlic season nav 
safeU be built on this foundation There is a pi ice at the ‘ peik” for the 
aarsitj team composed of the phasieill^ fit, cirefulh trained and con 
ditioiied who ma^ witli reasonable safeta be allowed to specialise m 
strenuous athletics 

The Child — AMion wc chiiiged the single hoii o with its lirge yard 
to the multifamil^ apirtmcnt buiMiiig aec cut down the plaj space pe 
child mail} fold lormal school cjTniiastics and organized plav under 
trained siiperMsion can but partially compcimto the child for this lo s 
The plnsiciaii should back eaera effort to establish adequate phesical 
training in the sthools anel to provide sufhcicnt citj plaegrounds One 
wclltnincd physical director is better than nii\ luimhor of un killed m 
struefors Competent mcdieil examinations eamiot be instituted too carl/ 
m school life 

The Adolescent — This is the age where strenuous athletic games arc 
indulged lu It must be nincrabtrcd that rapid skeletal growth during 
this period outstrips that of the cardiovascular svstem Heiva demands 
are made on the >outh b;j development, etudj and social activities which 
must be reckoned with in deciding on the proper physical education 
program 

The Bog — The shortening of the plnving periods m manv games 
has added grcatlv to tlioir safetv Football still has elements of danger 
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" With handa on hipa 
a Heels raise bwer 
b Toea raise lower 

c Heels raise knees deep beud knees straighten heels lower 
u With lanls on hips 

a Trunk sideward tight b<nd raise sidtwnrd left hen 1 raise 
b Trunk sideward right turn sideward left turn return 
e Trunk forward lower raise backward bend raise 

4 From position 

a Arras forward rai e sideward carrj fjrwarl carry lower 
b Arms sideward rai e forward cany sideward cany lower 
c Arms forward raise upwird carry forward lower downward lower 
d Arms sideward raise upward carry sideward lower downward lower 

5 \\ ith bands on hips 

a Pight knee raise lower 
b Left knee raise lower 

e Right knee raise extend leg forward knee bend lower 
<l Left kn’e raise extend leg forward knee bend lower 

6 To stride stand jump arms sideward roi e 

a Trunk hen Img alternating ncht and left 
1) Trunk turning alternating right and left 

7 Hands behind heal 

a Trunk bending alternately forward and backward 

8 Stationary running on toes with high knee raising 


Theory or JIedicai, \nd OrTiiorEoic GiMstsTies 

There are a number of factors relating to tlieri[>eutic exercise tvluch 
hiTC to be taken into conaidcratioo as ncll as the exercisu itself The 
pcrinnil and ncial inheritatioc of the inditidual his environment specnl 
stsi^c of development, nutrition and other conditions all modifj tho 
result whuh we are able to attain by corrective exercises 

Types of Exercise — o use for thcnpciitic purposes four types of 
exerei«e 

1 Passive, those done wliolly by the operator or by the weight of 
the patient s bodv, or other external force 

2 Asustive, performed as far as possible by the patient, assisted 
b\ the oj orator 

1 Actiic, the movements executed entitclv bv the patient 

4 Hosistive, done by the patient opposed by friction, gravity weights 
the operators or the patients’ own physiologic lUv opposing groups of 
muscles 


It 13 knomi that ns the muscle strengthens its bcllv becomes thicker 
and the intire mu«cle somewhat shortened thus making the distance be- 
tween its origin and insertion somewhat less e arc able to emplov 
this tendency of strengthening mn cU to shorten in the correction of sea 
eral orthopedic defects for instance, »n a faulty forward position of tho 
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itcs of normal schools of physical triining ha\e ■’liown menstrual and 
maternal histones better than those of the average -woman 

A committee of the British Medical Association, after a thorough in 
vestigation of the subject, reported approval of field hocley, swimming 
dancing and track athletics (they do not pla> basketball to any extent) 
for girls Basketball under the “Women’s Rules” is a much less strenuous 
game than that plaved by “ifen’s Rules,” but the trained athlete may 
play cither with safety Track and field athletics have reached the stage 
of international competition Different events are suitable to different 
physical tvpos The pole vault, twelve-pound shot put and middlc-distanee 
runs are verv severe and should rarely he used Distance running requires 
very prolonged cartful training to he free from danger The special 
value of this sport is that, unlike other team games, everything depends 
upon individual effort Furthermore, it necessitates the gathering of 
every ounce of energy for one supreme effort iJIany times during lift 
the ability to make a quick, sure, supreme effort mav result in the satJUt, 
of hfo or limb This abilitv is developed by track athletics almost cs 
clusively Other sports toich better the Icsoons of team plav 

The physician should insist, then, upon the safeguards before men 
tioncd, namely, preliminary and repeated medical evaminations, trained 
supervision and proper equipment and conditions for the particular sport 
in question With these provisions made and organic weakness ruled 
out, girls should bo both allowed and eueouroged to take up athletics 
The Adult — There is a very prcssin„ need for games, recreational 
and hygienic m cliaractcr that can be played with safety and pleasure 
in spite of increased waistline and lengthening years Golf and vollev 
ball are perhaps the best of these games and are being increasingly used 
by business and professional men Tennis, when available, is good m 
early middle life and golf to the end of one’s active career A great deal 
of good has been done by the recent populannng of simple setting I'P 
drills to music and a very few minutes a dav spent on individual body 
building exercises -will bung a nch reward \\ ilham Gilbert Anderson 
of Yale has emphasized the value of repeating several times daily such a 
simple procedure as strugiitenin,, up fuilv, retracting the cbm to the 
fullest extent and taking one or two deep inhalations A simple group 
of settingup exercises which should require not over six minutes to reped 
four times each and which will aid materially in keeping the body m 
good condition are appended 

Settino dp Exercises 

1 From “position’ 

a Arms to thrust raise forward thrust return lower 
t Arms to thrust rai e sideward thrust return lower 
C Arms to thrust rai e upward thrust return lo-wer 
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3 Gr^dinl lessening ni tLc iii«l rjncf of motion m the 

join(3 rao^ccl I)\ these miisclos 

4 A dnllni?: of tint muscle ind joint een < whith mikes us ware 
of the fact ihit we arc, 
or ire not, in good pos 
turc 

To illiistntc tike a 
case of round slionl 
d(rs 


a The peefonls 
n o rin 1 1 1 1 sonicwhit 
stronger than the houl 
der retnetors mai hive 
their rclitivo ifUmtige 
inrreisod bv gvncril 
fitigiie or vcokiiess 
h Ihc peitoiaU 
leiomc nnre control ted 
hi the simple fict of 
the fon\atd position 
of the shoulder ind 
the rhomboids ilie tra 
pczius ind other houl 
der retractors are 
stretched out ind ucik 
ened 

c The anterior li^a 
mcnls of the shoulder 
joint hpinc ilJom ex 
tmded to fheir full ex 
tent tend to slmrti n 

d The indiMduiI ftels pcrttctli toiufortable in i eliimpi position 
ind fanalh hcinmcs totilh uiuwnn tt if cvipt when lit mn tc. Inins If 
in 1 mirror or U remindtd of it In others This point is well cxcmpliht J 
hi the ex senite mm who for mmths after his di chirge from scnioc 
Cliches him i 1{ slumping with dt<n.i«iig fn jwenci and tin ill i forf.cti 
the mittcr cntirtU cxicpt during i lecture cn po tiire or an ottasioii d 
mililim piradc 

Am ixerci e proaiim f>r tlu tit itinent of po funl dtft>cts imi t 
llunfcn eonfniii at Ici t one extrci i >r posiliou iimcd at modifjin^ 
• licit one of tin t fnctirs k\e must tnngthtn the \\t ikcr groups of 
mnselc stretch those contrnt«<l mimtain and iticrei t full flexibiliti 
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lioad In this case (le\tlopimiit of the retractors ^\ill tend fo nuintam 
a better position of the htul All posture hr ices, except when used as 
temponrj exptduiits, such as the protcttioii of n partiallj parahzrd 

nniscle, luic tlie opp)- 
sito effect, nameh, that 
of further wcahening 
the muscle nlreadv 
low- par 

In practically all 
faulty attitudes, 
uhethcr of head, shoul 
ders, spine or feet, 
uliich arc due pnHur 
ily to defects ift the 
shcleton, the following 
factors sro present 

1 Lack of hilance 
in the power of pli'Sii^ 
logically opposing 
groups of mnsylcs 

2 A gradual short 
enuig of the strongsr 
shortened groups, "dli 
corresponding lengthen 
mg and yyeakening of 
the opponents We 
should visualize the 
muscles as strong das 
tic bands under partial 

tiQ 4 — t-SE or Bodt Weight in Stuctchino Fuiow tension When we are 
Adhesions (Courtesy 1 aul B Hoeber ) ill fine condition, active 

and constantly moving 

our joints throUf,h their nonnjl ran^t this difference in elastic pull does 
not result 111 faulty posture or dcfoimity ^\hcjii\er there ensues a weah 
ness or total paralysis of om imiselt or miistle ^roup throu^jh nerve injury, 
tho tendency for contractures to occur m the uii iffectcd opjioneuts is clcarlv 
understood and usually guarded against Some moans are taken to mam 
tain and increase the tone and the strength of the yveakened mu'^le® 
These methods are taken up under the heading of peripheral nerve injury 
It 13 not so uell understood, iionever, that when tliere is general ucahness 
from yyhatever cause the relalue pull of the stronger muscles is greith 
increised, uhich gradually tends to incrciso the faulty posture Ihis 
condition is common in chrome fatigue 
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general activity and special abdominal exercises Special respiratorv 
exercises ina\ witbin reasonable limits inerta e the lung capacity, tone 
lip the splanchnic circulation and affect results of chrome empjcim It 
should be recalled, however, thst the normal stimulation to increase respi 
ration is the increase m the CO , or hydrogen ion content of the blood, 
as It passes through the respiratory center in the medulla Therefore, 
to induce deep breathing by crLatm^ the need for more oxygen m a 
normal manner is better than artificial deep breathinj, A stationary run 
or yigorous gymnastic dancing steps are therefore, better than forced 
deep respiration 

The subject of the physiology and physiological effects of general con 
ditioning exercises for the adult and of play, gymnastics and ithletics 
for the young unquestionably lies in the field of preventne medicine 
The points brought out in a study of tlicyt exercises ha\o been dwelt upon 
at some length b< cause they do not appear in medical literature to any 
grcit extent and are scattei^ Uirou^iout the writings on physical ediici 
tion in such a xvay as not to be easilv available to tlie physician, llio 
possible dangers of heart strain and other physical injuries in athletics 
are real, and yet the value of sports to the young is so great that a dc* 
tilled studv of the subject is tbonglit worth while The family phyaicnii 
H bein^ called upon for decision in regard to athletic indulgcuco yvitli 
increasing frequency Ifcdical ond orthopedic gymnastics constitute a 
real and groyving part of our therapeutic armsmentannm The tncrcasing 
interest of parents and educators in (liesc phases of treatment requires 
that the physician be adequately informed ngaryltng them 



ms j’jn sionij lupi, jiiassag] , i \j ucisf 

lUid rc((]ucnto tlio iiuisclo sense, wliilo atUmptuife to incrtusc the feiiieril 
bod^ tone 

c r astlj we must see to it tliat tlm child la built up in bis general 
plijaujuL through gi iili il, bilnkral txtruscs, pln> iind imjirovol hjgu nc 

Ilcforo trt itmeiit for nil) given ijostunil defect la instituted, the 
causes for siicli defnt must 1 h canfiiltv studied and, where possible, rc- 
iiiovcd lh< (tpfHinl tn itiiuiit for then eouditiniis, such ns afTectiiig 
head, alioiihhr, apiiu and fnt, iin taken up iii detail in tlieir Bp<cial 
Pictuuis It will h( found tlmt tin tenses for moat of th(nc conditions 
aro 111 gemral (putt Himikr iiiid fall into two iriiiin groups, winch we 
might ti rni fhr -(fmtii aiul the resMfrtHee 

111 till formir group wt hnvt dofeeta of ht iring, vision, iinprojxrl) 
coiistructfd Kfhool seats and the hiibiliiiil nnilatiral methods of carrving 
Inirdciis, espKuilh b\ ehildrtn, tin toiistmction nf ill fitting and im 
j>r«ptr]> ijppJjfd iJotlnng Clothing aiipports and iihnonnnl attitudis 
assumed to rduvi pun hint also foU timsidintl 

Iho fiKtora, on tlio oihir suit, wliuh Inwii the nsistnnic of the 
Ixidv to tin strains juit upon it imlinh malnutrition, too rapid growth, 
the tthefs of toxins of acute and thronie tlisi i«(, and tlie Jack of nonnnl 
liealtliv pin) ami ix<rci«c 

]t IS cv nil lit that if tiie sirniti is gnat enough even the relatively 
nonnil child mav Ik drfoniied, while tho ehihl bilnw pir ph)sicall)' may 
be uiricted bv compnrativt I) slight hnbitiial strains 

llie iiiis(B found m tin first grtnip mentioned should bo removed 
or hssoiud, as far as possible, jinver) case of jwistiiral difeet Attention 
should be tare full) elireetcel toward nii) of those etiologieul conditions 
found in the second group wliieh can be removed 

It would obviousl) be futile to prescribe a srt of severe corrccfiit 
exercises for u tliild so iiitdcnioiirisb(*d that Ik is nnabh to carry the 
regime of stnilv and vvork already iini>osod upon him Ills burden should 
1)0 lightened, ins diet made ample, until he has siifiieieiit ph) 8 ical foiinda 
Uon for npiciii] work He ahoiild, figiirativcl) spenkiiig, bo turned out 
into the pasture lei fact, iimiiv defects rapidl) diBnpptac when these gen 
ernl fmuhimental inelicalions an laketi cere of 

Aledie il gvmiiasfics aim t»> iiiiprenc tleo function of various organs 
of the IkuIv lx)fh elinefl> and imlmetlv Ihe heart, being itself a imi‘<cle, 
may 1 h eanfiillv and progrtssivelv trained to iinpnivid function, except 
in those eases win re orgaiiie lesions leave pre^essed too fur I unctionnig 
Ilf the nervous svste in may Ik markedly ttiTectexl b) re i ducatiiig the neiini 
muscular eooidiiiutton In fact, with Hiilnionnal cliihlre ii, a markeel foiueig 
up of even tlic higher mental proce? 8 srs has followeel svste matie and fhor 
ouch training of tins t)pc Ilic nctivitv of the gastrointestinal tract 
and the glands which supply it may be favorabl) affected, lioth through 
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general activity and special aLdominal cvcreisw Special rcspiratorv 
exercises ma^, within re'i«onable limits, increase the lung capacity, tone 
lip the splanchnic circulation and affect results of chronic cmp^emi It 
should be recalled, howeier, that the normal stimulation to increase rcspi 
ration is the increase in the COj, or hydrogen ion content of the blood, 
as it pisses through the respintory center in the medulla Therefore 
to induce detp breathing by creating the need for more ovjgcn m a 
normal manner is better than artificial deep breathing A stationary run 
ur iigorous gimnastic dancing steps are, therefore better than forced 
deep respiration 

The subject of the physiology and physiological effects of general con 
ditioning exercises for the adult and of play gvmnasties and athletics 
for the young unquestionably lies in the field of pnventive medicine 
Ihe points brought out in a study of these cxcrci eg have been dwelt upon 
at some length because thtv do not appear in medical literature to any 
great extent and are scattered throughout the yyrituigs on physical educa 
tion in such a yvav as not to be easily available to the physician The 
possible dangers of heart strain and other physical injunes in athletics 
arc real and yet the value of sports to the young is so groat that a de 
tailed study of the subject is thought worth while The family phyaienn 
IS being called upon for decision in regard to athletic indulgence yvith 
increasing frequency iredicat and orthopedic gymnastics constitute a 
real and growing pirt of our therapeutic armamentarium The increasing 
interest of parents and educators in tlwsi phases of treatment roquin.'s 
that the physician bo adequately informed regarding them 
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Historical and Introductory — Of nlJ fjKri^xiifjc inniis need }j> uidd 
lip to till prisrnt tuno the npplit ifioii of tx<rci«p for the rpstontinn of 
hodih fiiiution inobt iiearlv appro kIip 4 iiaturr s own riictlioil of nniiitaiii 
iiijr function 

lust when exercise was first utilized in 1 thenpcntjc wa\ is not 
Iviiown ccrtftiTih the eirJiest writings of the Chinese and Hindus indicate 
that thcsi people idiot ited the n«e of ixertisc m n liagicnic wa\ The 
Oreeks at tin, prime of their cuihzitioii, rmplovcd the hath and oxer 
CI 808 and wrote of tliisi iiufluHls as a imims to jninjitnin Iwlil^ function 
lliroiigli tiir Greeks tin Itomaiis liamed of, ind itnpioacd upon, the 
methods Jhrough tlie middle agis little iidiancc tn tins subject was 
made and, in fict, it w is not until the sucnlccnth and Oighteciitli ctn 
tunes that seientitic thonjit w is turiml to exercise, iiid further nd 
1 imcmeiit matir 

Iriedruli IIofTman, a Qirraan, 1780, mil later Piter Iliiiric Jinp 
178 (j 1S'*') a Swedish ^.cminst diaelojKil this suhjiet iml fomulnUd 
spocihe freo moaoments, upon whith all modern sjstiins of fno exircise 
nre still hi^od T inf.’s work difiiiitch connected exercise with inassa^^e, 
winch minipu] itions he plassid is “passiio gjiniinstics ” He sfartid in 
life as a fencing feaiher iiid was attracted Iw the btiicfits denaed from 
exercise in d^ailoping the Cintral Institute of OMiinnsties in Stockholm 
from las writint,s and thobc of others, it would sicm that he appreciated 
the ipplication of ixtrtise Init lacked the scientiftc knowlidpC of its imli 
c itions or contrt indicitions His a\ork, lioweaer, with that of "Mctrger, 
a phasicnn in Holland, attrictod the attention of inane of the aiell known 
plnsicinns of tint time and it aeas following the infliienci of those two 
men and the iincsfjgitioji In scientific imdieil men, that medical gwn 
nasties found a pi itc in the ciimeulum of the physicians 

About the middle of tho list century, Oiistavo Zander dcviscd some 
ingenious nppantns to lopaliro rxercisi to a M'cii part and to climinati, 
to a hrge extent the gvnmast s>ho, according to the T mg system, was sj 
importint 'Ihese machines were so constructoil that both active and 
passuc looecment w is possible 
240 
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fo-daj, intcb inotheripj is utilized is a dtpirtmeiit of physical then 
P'Utics Hid u«ed in conjunction with the other ph% siothorapcutic means 
for the restoration of function Its aim is to fsereise sistcmaticallv those 
orguis fonniiig the motor apparatus thewhi pnmarih improiing or 
re^toriDj, their function and ctondinh improving the function of the 
other organs of the hod} 

The ncicssity of treating this subject m ronjimction with other plnsio- 
therapeutic means Ins been ipprec ated bj those who did so much scientifi 
iillj to advance trcrcnc as ■» means of treatment During the pornd 
ff fltvclopmcnt of this fonn ot treatment massanC was usnallj used in 
loiijiinetiou with exercise, and diinii^ the ri'ocnt \\ ar large dcpartimnts 
wort formed in the annv hospitds of those nations ewgigcd in the war 
eomhining not niih exercise and massage, but alsi all the other known 
jlnsiial me ins for the impmoment or resloration of function, sueh as 
baths heat in ita larioiia forms and elccttieiti Vt the present time 
nunv institutions ha\c all of the e dipartmcuts correlated under a phvsicsl 
therapeutic director This dcielopmcnt Ins Ixvn quite rational, for it 
isiasj to sec tint the cnlargid <r disciscd portion of the bodj will tolerate 
flctiio enortise bettor if preceded h\ mas ap,<. and m turn will tolerate 
massage better if preceded In ou< of the various forms of heat It scorns 
lo,.ieal that the future devebpment of mccliaiiothcrapv lies in its being 
further devploped as a department of phvsical tUerapenties 

In judging thf effect of exerci e one should luidtrstind the piirpo es 
f'r wLiih exerci e is usiialU prescribed These art threefold 

1 For educational purpo cs 

2 lor direct rtstoration or the improvement of function of a di» 
<a ed or injured inemler of the motor appiritus 

lor the secondary or indirect iinproTomcnt of function of those 
orgiiLs not units of the motor ipparatus per sc 


It IS tliioii^li the combination of nst and exercise that the bndv is 
iiiaintained in a state of licilth Fxeess of cither of these is not licneticial 
ruiicatniial txcrti o given to thool children either in the form of frvin 
ui tics or sports has shown its value in increasing growth geiicnl 
'1 \t] pinciit uid tndiiriiici Biiiheieutlv well to nqiiire no liiigihv ex 
p untioii at tills tune Ml the armies of the world have kept llicir soldiers 
■n I stiteof phvsical fitne s tbriu,;,h the routine upplicition of exerci 


THERAPEUTIC EFFECTS OF EXERCISF 

We are here chu flv concemeil however m the effect of cxerci e fr im 
at iirnpfnti, taudpe inf hkJ will consider the effect of excrci c from this 
'* "in jioint 1 he units formm^ thv initor apparitus of the bndv an made 
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up cluefl^ of bone, joints, mu«»cle3 and tbeir nerve supply It ig well 
known that the ordinary physiological exercise performed m daily work 
conduces to physiological hypertrophy of muscle, thus the occupational 
development of the blacksmith or iron worker may be seen m contract 
to the underdevelopment of the sedentary worker It is not only that 
muscle hypertrophy is seen following exercise, the development of the 
bony structures follows directly m children at tho age of one year, when 
most children begin to walk The bones are soft and lack, at least from 
a radiographic point of view, the strength and internal structure seen m 
children who have walked for even a few months This has been clearly 
e'^pressed by Wolf, whose word is law on the development of bone, and 
who states that chanj,e m the formation and function of bones, or of 
their function alone, is followed by certain definite changes in their in 
ternal architecture, and equally definite secondarv alteration? of their 
external conformation in accordance with mathematical laws” Con 
versely, patients who have been bedridden for some time, lacking normal 
exercise, are seen to show a wasting and lack of tone in their muscles, 
and splinting of one of the extremities for even a week or two will produce 
di-iinito atrophy of the part This is further confirmed by radiographic 
examination where, after prolonged rest, the bones of the immobilued 
part will show the well known atrophv of disuse These changes are in 
all probability due, in turn, to the effect of exercise on tho circulatoiy 
system Wien a muscle contracts, the venous blood is mechanically 
pressed out of tho yeins in and around the muscles As the muscle re- 
laxes, more venous blood is sucked into the recently compressed vessel 
This hastens the speed with winch the blood normallv passes to the part, 
therebv placing a demand for more blood to the part, with a resultant 
dilatation of the arterioles in the part Coincident with this, the Ivmph 
channels hasten their flow 

Of secondarv importance are the fascial coverings of the muscles which 
upon contraction and relaxation of the muscles act as a sort of com 
pressor to the muscle as a whole tiding in the compression and relaxa 
tion of the vessels within This may be «ecn in the neck where, in hyper 
extension, the fascial sheatlis compress tho large external jugular veins, 
depleting them of blood Bv skiJIfuIlv applied exercise one mav actually 
deplete one portion of the body of blood, as is so commonly seen where 
hyperemia m the head resulting m congestive headache, is relieved by a 
rapid short walk It must be remembered that with alteration in the 
length of muscle and fascia, which increases with active or passive exer 
cjse there is a coincident change in shape in tho blood vessels of the part, 
«o that m relaxation the ve«sel is longer and narrower, while m contrac- 
tion the vessel is shorter and wider This change in shape assists in 
increasing the rapidity of the flow of blood through the part When these 
local changes occur in the larger vessels of the bodv, such as the femoral 
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or axillar), ttcre is a definite demind pliced upon tliclieart for inorcnaLd 
activity The response is an iinine«liate increi e in the hearts rate due 
to the increise of blood throim into the n^t luncle As the heart rids 
itself of this blood bj increasing its rate and force, there is an initial 
dilatation of the larger arteries to reccire it nhieh as the eTercisc is 
increased and the blood is more pvenh distributed causes a diminution 
in the size of tbc arter\, tbcrebj intreasinp, tht blood pressure 

The products of ovulation produced b\ muscle activitv stimulate the 
rcspiratni^ s\stem to further work The call of the bod\ for fvirtlur 
csNpn hsa not sbovrrv itself m the incrca ed activitj of the tcapiratOT\ 
organs With moat general cscrci ( the muscles of tbc chest arc bro«j,ht 
into function and this is further incressw! m the demand of the hods 
for further oT\genation, and furthermore acts inechanicalh upon the 
heart This call for increased oxvgeuation in even moderate exercise 
results in a filling of the lungs which nnder normal breathing fail to fill 
eompletelv, decreasing the amount of residual nir and in turn des eloping 
the lung power The do c rehtion iKlwcen the cirdiac and pulmomrs 
SNstems under exorcise cannot K underestimated when one sisualizcs not 
only thoir mccLanital proximity hut the mark«.d influence of the pul 
monarv circulation upon both tbc cardiac and respirators ssstems 

Effect of Exercise on Digestion — One of the iiio«t important fictors 
in the effect of exercise upon the digestive 8>stem is the action of the 
diaphragm Forceful contraction of this mu«clo increasing intra 
abdominal pressure, increases the rapiditv of flow in the great splanchnic 
losscls and also exerts some pressure upon the \ena ciw as it passes 
through it. Iiicreised activit> of the diapbrigm and of the abdominal 
muscles improves the peristslfic action sIm' according to some authors 
acting as a sort of liver and gall bladder massage The increased peristaltic 
action places greater demand upon the inte tuial ■*ccretor> glands im 
proving the absorption and assimilation of the food wluch in turn results 
in an improsed nutrition of the beds m general 

The striking effect of exercise is ecn among those who do active out 
door work It is not uncommon for such people to base a daih intake of 
from 4 000 to u,000 caloncs sshilc those of «edentarj occupstions rarelv 
ingest more than 2 000 to 2 .>00 calories per da\ 

Effect of Exercise on Nervous System — One of the most important 
effects of GxcriJsc is seen upon the hrim and nervous avstem This is 
parlieularlj true of epeciil cxirciies gixeiv for tbenipeutic purposes Pre- 
ion m movement requires an alert mental effort and rapt attention to 
the work at hand In cxen.ise3 directed locallv the patient is rcqmrcil 
to differentiate betwetn the workings if tho individual mu cle groups 
*upplied ly various innervations giving him an acute appreciation of 
*^ntrDl of the various mn cle groups This is of particular value in ca es 
0 partial paralvscs where the improvement of the remaining muscles of 
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\ip chiefly of hone, joints, muscles and their ner\e supply It is 
known that the ordmarj physiological exeixise performed in daily work 
conduces to physiological hypertrophy of muscle, thus the occupational 
development of the blacksmith or iron worker may he seen in contrast 
to the underdevelopment of the sedentaiy worker It is not onlj that 
muscle hypertrophy is seen following exercise, the development of the 
bony structures follows directly in diildren at the ago of one \cir, when 
most children begin to walk The bones are soft and lack, at least from 
a radiographic point of yiew, the strength and internal structure seen m 
children who have walked for e^en a few months This has been clearlv 
etpres ed hv Wolf, whose word is law on the daelopmcnt of bone, and 
who states that change in the formation and function of hones, or of 
their function alone, is followed by certain definite changes m their in 
tfrnal architecture, and equally definite secondary iltcrations of their 
external conformation in accordance with mathematical laws" Con 
aersely, patients who ha\e been bedridden for some time, lacking, normal 
exercise, art seen to show a aaasting and lick of tone in their muscles, 
and splinting of one of the extremities for even a y\eek or two yvill produce 
dtfinito atrophv of the part This is further confirmed by radiographic 
examination yvhere, after prolonged rest, the hones of the immobilized 
part will show the well known atrophy of disuse These changes are in 
all probability due, in turn, to the effect of exercise on the circulatory 
system 'When a musclo contracts, the venous blood is mechanically 
pressed out of the ycins in and around the muscles As the muscle rc 
laxes, more venous blood is sucked into the recently compressed xessel 
This hastens the speed w ith which tbo blood normally passes to the part, 
thereby placing a demand for more blood to the part, with a resultant 
dilatation of the arterioles in the part Coincident with this, the lymph 
channels hasten their flow 

Of secondary importance are the fascial coaenngs of the musclr's which 
upon contraction and relaxation of the muscles act as a sort of com 
pressor to the muscle as a whole, aiding in the compression and relaxa 
tion of the vessels within This max be seen in the neck where, in hyper 
extension, the fascial sheaths compress the large external jugular xeins, 
depleting them of blood Bv skillfully applied exercise one may actually 
deplete one portion of the body of blood, ds is so commonly seen where 
hyperemia in the head, resulting in congcstiye headache, is reliexed by a 
rapid short walk It must be remembered that avith alteration m the 
length of muscle and fascia, which increases with active or passive exer 
cise there is a coincident change m shape in the blood vessels of the part, 
so that m relaxation the vessel is longer and narrower, while m contrac 
tion the vessel is shorter and wider This change in shape assists in 
increasing the rapidity of the flow of blood throUt,h the part 'When th««e 
local changes occur in the larger vessels of the body, such as the femoral 
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Physiology of Muscles — Pcforc consjulcnn" this > cry importint aspect 
of jnuttclcs, let us review briLfl\ tlie hi&tological structure of muscle, 
upon which its phjsiologv depends Iho cs cntnl unit of the muscle 
IS the fiber — a minute higlilj specialized bod^ cell, appearing a'> a 
minute thread \arjing from 01 mm to 1 mm m diameter, and from 
6 to 15 cm in h ngth 'liiis is made up in turn of a sarcolemmal sbeath 
Within which 13 contained the sircjus ub I ince or muscle plasma The 
sarcolcmma is a stnicturcb , ela tie membrane and it alone comes in 
cimtict with the connective ti uc b^ which the muscle fibers arc attachcil 
Olio to niiotber The muscle phsnia is made up of long threadlike fibrils 
which, being of alternate light and dark binds, gise a cbaractcnstic cm s 
'tnation to the mu clc and which arc the cs cntinl contractile portion 
of the muscle Ihe sisious niapnal iKtwcon tho fibrils, known ns the 
"iroplam, la supposedh the mitritne element in the muscle fiber 
lluscle fibers are banded together bv delicate conuectnc ti«suo which 
groups them into primary bundles tins eonncctivo tissue portion being 
known as tho cndimjaium The she itb surrounding the primary bundles 
18 tho pcnmcaium These pnmars bundles are again grouped into 
ccondarj bundles and envelop'd m a sheath knosvn as the cpiinvaium 
each secondary bundle hoiiig known as a separate muscle fasciculus 

Tho phjsiological properties of striatwl muscle arc 

1 Conlracittiiy — this we mean its ability to shorten itself in 
re ponso to a stimulus bj winch it is able to perform its work The 
iiormil stimulus is usually the ncnc impulse, sobmtarj m the striated 
muscles and acting reflcxls in the mistriatcd muscles While this prop- 
ort) of central tilits is present in all muscular tissue, it is not continod 
to muscular tissue being al o a property of the ciliated epithelial cells 
of the manunalian bods Thruugli tins lonlractile power muscles shorten 
tlieiiiscbcs in Varying degnes this sarialion being from 10 per cent 
to oO per cert of their iiormil lengths during pbssiological esercise 

2 Pxiuwhihtij — By cxtenaibilits we indicate the power of muscle 
to pcmiit of lengthening without tearing "Most muscles arc strctdieJ 
between their points of origin and insertion We know that if a tendon 
13 cut cicn with the niu«ch relayed the fli b% pirt of tho musdo draws 
tho tendon toward its origin lliis light stretching under which the 
nuiHli s are nonnilly maintaiiud assists sers much in the smooth svorking 
cf the initor apparatus Ihis power of cvlcnsibilitc, when studied in 
roinpTri on with the oxten ibiiitv of dcul elistie hodic is found to dilTcr 
markedly from thi.m While the cytcnsibilits of an cli tic bind is pro- 
I^rtionnlc to cipnl inercinents of wciglit the extensibility of mu clc 
snows a proiwtionate dcxrrci e with earh cjual increment of weight 
It has Ixxin found that tho dcx.rea c m the power of extensibility to 
lucreuviits of weight holds true up to tho point where a iuu«c]e reaches 
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the simc group voiild, to some degree, compeinatc for the loss of an in 
dnidual muscle 

Fnnkel Ins correlated i complete system of o^erents which hi\e 
accomplished much in re training those suffering from locomotor ataxia, 
utilizing the other sense perceptions for tlic loss of musele 'cnec percep- 
tion Iho etfect of exorcises on purely function il neurologicil conditions 
IS not to bo disregarded menm of properh applied exercise, cither 
a, sodatue or stimulating effect mas be obtained irnin of the purtJi 
functional iiLurological conditions lia\c rcccntls been explained upon the 
basis of an eiidocnnasthcnin, and it is possible that the effect of exerci e 
m these casts is accomplished b^ the pbjsiologicallj improicd function 
of the organs of iiitemal secretion through incrcastd blood supply and 
nutrition 

Effect of Exercise on Genito nnrary System — Dio most import uit 
physiological effect of exerci o on the gciutounuarj system is tlic tem 
porarj relief of passne coiioWt'on when present m the kidncj The 
changes aboac noted m the circulatory 8j«Um, the distribution of blood 
to other parts of the body, the dnphoreais occurring yiith cxorciao, jH 
rcheyo the kidney of uork yvlueh it vould ordinarily ho cillod upon to 
do Hoyycyor, this is a rather tnnsient acioinplishmeiit, and docs not 
wirruit the prcaeriptirui of exercise for dysfiuittton of flit kldn^^, 
m eircfully selected cases The reflex depletion of tlic blond to tho entire 
genital apparatus is of more importance, thereby lessening local 
irritability 

Effect of Exercise on Metabolism — Ao otlior therapeutic agoiif his 
so definite an effect upon metabolism is cxctciie Hoyioll has tabulated 
the mechanisms of licit production and he it dissipation as folloyrs 

Heat production 

Chemical pcgutaCion 

1 Motor ner^e ceiittrs and motor iibcrs to t’lc muscles 

2 Stimulating action of food on metabolism 

Heat lo 9 

Physical regulation 

1 Sweat centers and sweat ner>cs 

2 Vasomotor centers and xa omotor ncnc 

3 Ee piratory center 

In this yve SCO the important metabolic process of heat rtgulitioii 
definitely acted upon by exercise Hcjt loas through the syycat t-cutcr®, 
yasomotor centers and rtspintory center, is definitely accelerated exer 
ei e, while, on the other hind, heat produLtron, although of chemical 
regulation, is hkemst, accelerated by cxercist The acceleration of the 
metabolic processes has, coincident with it, an aecclcrition of the di 
{restive fniictioiis, pornnttin„ more rapid assimilation This not only 
permits a greater mtike of food, but its more rapid absorption, thereby 
improving the general body economy 
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Ice, the hamstrinfr musJes arc shortened and are active coBcentncallv 
If, howe^e^, the same patient mth knee flexed attempts to bold the 
knee in this position and is overcome bv the force utilized bv the masseur 
or machine, the flexor muscles arc still workini? but actualU being 
lengthened while workint; and hence are said to work eccentncallv 

Acliie motion is al«o divided into three phases of mu«cle action 

1 Positive phase in which a muscle contracts 

2 Static pliasi during which the muscle is maintained in a state 
of complete or incomplete contraction 

3 Negative phase dunn^ which muscle ends aro gradually hemg 
separated 

To illustrate — during dorsi flexion of the wnst the extensor carpi 
ulnaris and radiahs perform a positive action If the wri^t is now 
mamtamed in dorsi flexion without further morement a static action 
of these muscles is seen As the wrist is then lowered complete relaxa 
tion of the«o muscles docs not occur icun«*diate!j hut tbev arc gradmlh 
lengthened as tho wrist is hrou,.ht down This is the negative actmtv 
of a muscle 

One of the most important factors m proper application of exercise 
M the localiration of the treatment to th< joints and muscles to be exer 
ciscd If wc take, for example, a. foot condition wberem adduction 
exortisos arc indicated, and during exorcis* permit the patient to plantar 
flex tbe foot alone, instead of adducting wo are defeating tlio purpose 
for winch the exercise was proscribed 

Accoialuig to Schwann’s hw of the phvsiological action of mtiscle 
we know that the strength of n miisele is m direct proportion to its state 
of contraction This is of import met m graduating the, dosige of re- 
sistance in giving resistive movement^ for, at the beginning of contraction 
and at the end the strength of the muscle is lps«« ned so that tho resistance 
should lx, strongest in the middle third of the movement Again in the 
treatinent of a rtgcncratmg mnsiulo piral uerve, when the extensors 
of the wnst and fingers are Ix^uning to show ntiim of function if vve 
instnict the patient to move the wnst in exteuMOu as much as possible 
in’tead of ordering a few hnef, well directeil extensor movements to his 
Wnst he will lu his cfTorts to extend the wn«t nrlivate his flexor groups 
as soon as the exten or museks arc fatigued thereby nctuallj causing 
tbe cxirci e to be detrimental to his recover} The procrre«sion of exir 
CISC should be gradual and mav be acromphshed by increasing speed 
duration or resistance applied in the exircise 

General Exercises — know it is pincril bndilv activity that mam 
tains the harmonious coordination of the various systems of the bodv 
It is reasonable, tberefore, to suppo c that in tho application of exer 
V* in a therapeutic wav, active free txereise offers im t improvement 
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Its normal phjsiolosical limit of extension If equal weights are added 
after this point the imiv*!© follows the law of dead clastic bodies and 
extends in equal proportions to cxch added increment of wci^it Ex 
tensibilitj Tcmauis u property of muscle e\cn after rigor mortis 

3 — IMkh a innsclc has been extended within its physio- 
logicil range of cxtensihihtN nnd the extending force is rtmoved, il 
regains its noirnnl bfnte tiirottgli its power of elasticity Tina propertr 
IS found onh in living mii^tlo, and altliougli it xs not as great ns the 
ilnsticity found in some dnd elastic bodies, its elastic power la none 
the ic‘*8 porftet The sli^itlv sintclicd condition of mn«ele hotwecu 
Its origin ind insertion prohihly tends to nmintnin the tone of the 
niu«ch, there h\ inching moro amootli the clastic recoil 

4 ImfohOii }) — iliiseli irritability is the functional actuitv of a 
muscle m nspoiwo to a fitinuiliis The normil nerve fitimuhia was first 
ehnunitod bv Clinde Bernard, who, by injecting ewrare, piirslyzed 
the. motor iiene endings Direct stimulation of the ciinirired muwle, 
either eleetrii lilv or mechanically, initiates functional activity within 
the inm.c!o, diinon^tratiug an independent muscle imtahihty 

It 18 througli tlies-e four properties that muscles perfonn their normal 
work ond through tlio improvement of theso properties that exercise 
rtstorrs fiiiietioti to the muscle 


CLASSinCATlOK OF GYMWABTIO MOVEMENTS 

Ling clnssihtd all movements as follows 

1 Pasnif moxfmi.nls or tho o whenm no active junerration is performed 
by the mdividuai tiae motor power bcmi; supplied by nnoiher perion or by smt 
nWe lire opparatus 

2 /Iciue moitm-fnit or tho^ wherem the individual innervates hw own 
niu«c!es and performs work throu/rh litc moiemciits of his inwscJes Actire 
movements are ORaim subdivided into 

«. Free moiemmis those performed by the individual without evteroal help 

h Controlled mo'^ements by which is meant those cxeroi OS hmited of 8UP 
ported by various apparatus 

c Pe^ttfance mf>iements duwnp ipiieJi the active rooveroeats per/ormed fcy 
the patient are re isted by the gymnast or by apparnliis 

Jiestslance woieniritfs are said to bo either conccntrio or eccentric. 
Concentric movements me ibtw m which the miHclo, while working 
against tesiatancc, sliorttns its total length while ceeentnc movements 
are tlitjso daring which the rau<de wluJe working la gradinllj length 
ened by the external force applied Tins may be illustrated bj resistant 
movement, when a patient flexes bw knee with the rcatstance of the 
masseur’s liand or machine directed against the back of tho patient’s 
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rontractions in cipsulea, hirimcnts or sjnoTjal membranes maj be defi 
nitolv improTcd bj gradual, slow, cv<n movements gl^cn o\xr loni; 
periods of timi Passive evercises are rarelj indicated in tbe lower 



lia "—A Iew ntniiTi VIcHmrvTs f»om tm Fi dvsif'ital Po itiovs 


c^tmnit\ for i\lnt eauiiot K aceompli hod bv onlinar\ mlkinj» will 
surclv not Ik aminpli lii?d throiigli tlit application of pi «i\clj npplic<I 

mimnout 

Mechanical Aids— Mnnv hiiils tf appir*itus hnic Ixm dcvi nl to 
cxcrci«i, a pirt or tbe whole of the lml\ Vnioii" llic«c tbe best knoivu 



248 


ilECnAlTOTHERAPr 


in bodily function, and it is onij in those cases uherem active free 
exercises cannot be iceomplishod thit the p issue form of exercise or the 
use of meclnnic'il meins ire indicated Manv so-called systems of active 
exercises have been developed but none have superseded the original 
Swedish svstem originated h^ I in^ and his followers This school had, 
as its basis, five fundamental positions, namch, standiUj,, sitting, hncel 
in,,, l}ing and hanging From these positions the derived positions 
were taken For instance, from the standing position arm, leg and 
trunk exercises are given Likevvise, from the sitting position the arm, 
leg and trunk exercises may be given, and so on, utilizing the funda 
mental positions as a starting point and building the individual evercises 
or derived positions from these fundamental positions It is rcadilv een 
that countless numbers of combinationa of exercises ma} be worked out 



Fio 1 — FlndvMevtal Posmoxs mou wiitcic Exercises Mvy Pe Debueo In out 
lining R table of exercises for a given condition the standing or Iving position is 
fir t utilized from wliicli derived movements are made dependent upon the fati 
ability of the patient As improvement is gained the period of exercise is len'dh 
eneU gradually manual resistance may be offered and still later other funJamental 
positions utilized until cventuallv the patient is able to tolerate all of the vanius 
fundamental positions with their derived exercises In tie local treatment of a 
part by exercise resistance movements are of greatest value m improving local 
function 


from these fundamental positions The nccompTnving sketches illustrate 
the five ftlnd^me^tal and i few of the derived positions from the vanous 
fundamental positions (bigs 1 ind 2) 

Passive Movements — Fissive movtiuents Invc hcretofon been creil 
ittd with far greater range of 'ipplicability than thev are to-daj Thf>'e 
who arc constantlv usin^, exercises in a tlicmpcutic waj apprc-ciatc that, 
iside from the relatively limited number of cisjOs wherein actual joint 
stretching is required, or where the slight local circulatorv improvement 
resulting from passive motion is indicnted, passive exerci'^es have Uttlc 
therapeutic value It is readily seen that where a muscle fails to receive 
its own nerve supplv its irrit-ihility and contractility are not stimulated 
to activitv It IS true tint iht elasticity xnd extcusihilitv of the imisclc 
arc called into plav but the injury suatiincd bv the contractile fibers 
would hardly he compensated for by the improvement gnmed m the 
elastic or extensible structures However, passive movements have an 
important role to plav in the treatment of chronic joint affections, where 
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contractions in cap'5nlc«, lipaineuts or svnoMal mfmbrancs injj be defi 
nitoly improved bv gridnal, «lo\r, om movements p^ven over lonjj 
penods of time Pas'^nc e^cniscs are rartU iDdicif'’d m the loner 
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evtrcinit\, for nbat cannot l» accompli bed bj ordiiinrj walking will 
»nreh not lip accompli In-d tlirouph the application of pa «iviU applied 
nioTcincnt 

Mechanical Aids — Mmv kinds of apparatus Invo Ixvii ilevi el to 
c’lcm p a part or the nhnh of the Unh \inoiip these, tlie Kst known 
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are the Zander, ba«ed on the principle of the lever with movable weight, 
the Ivnmkenberg pendulum apparatus, and the Here modification of 
the Zander apparatus If we disregard tlie passn c movement machines, 
who«e sphere of action is ver> limited, we find that the importance of 
the machines lies m the resistance to efforts against a muscle, and the 
localization of e'vcrcise to definite muscle groups This resistance ma\ 
be afforded bj the weight and le^er Zander, by friction against a brake 
in the turning of a wheel, or by stretching or compressing springs The 
principle of raising a i\ eight by means of a lever Ins more recently 
been modified to raising weights bv rope and pullcv 

Scholz, m his Maniuil of ilechaytolherapy states that “apparatus for 
medical gymnastic exercises sliould meet with these requirements 

‘1 It must be constructed in such a way that the patient m the 
apparatus is in the correct, oricmal position, that is, the apparatus niu«t 
prevent any indirect, secondary contractures of muscles This is obtained 
by arrangement for support and fiisation 

“2 The apparatus must allow the intended position properly to bo 
done from an anatomical, as well as from a medical gMnnastic point of 
view 

3 It must allow exact do«age and control of qunntitv of exercise 
“4 Apparatus for resistive movements must allow exact dosage and 
regulation of the exorcise which is to be given ” 

Following Ling’s deiolopmcnt of a rational si stem of free exercise, 
Zander constructed apparatus by which exercise might be gnen without 
the assistance of a trained gymnast He coiistnictod in all some thirty 
SIX machines for active moiements, including those for the upper and 
lower extremity and trunk- He then devised motor^riven apparatus for 
balance moiemcnt, passive jnoiement, iibration, percussion and kuead 
ing and friction AlOng with tlicse, machines for the correction of 
scolioses and various measiiriug opparitus completed his contribution 
to mechanotherapy The macliines for active exercise were constructed 
on the principle of the wei^ited lever, by which certain muscle groups 
were actuated by the movement of the lever The degree of resistance 
ivas graduated by moving the weight npon the lever Jlctorffruen pas- 
sive exercise machines were constructed upon the same principle, and 
were of definite value in that the smoothness, contmuiti and uniformity 
of the movement was superior to that applied by a gi mnast 

The advantages of the Zander apparatus lie in the graduation of the 
force and resistance, tlie human factor of the gymnast being eliminated 
However, the proper application of the machines requires the attendance 
of one trained m therapeutics of exercises to gage the amount of re- 
sistance required and to sense the expressions of fatigue when tbo 
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pxcrci«(?s jirc applied In addition to tins tlie machines art c^ponsire, 
fither cumbersome to operate retjnmng motor force, much space and 
shafting iikI the eon taut care of ft mechanic to keep them in ^corking 
order here these are not oh- 
jections the Zander apparatus 
may be used uith decided bene- 
fit 

Under the stimulus of the 
war, E A Bott, of Toronto and 
n Tait llelienzic of Pluladei 
jihn, developed simpler appa 
ratiis bwil on tho r.n inj, of 
Heights bi rope and pullej pnn 
oipie and of crtrerac simplieitv 
m construction Tho ^cm») 
principle of riising wughts as 
in the Zander npparatus is 
laaiiitaineil and the objection 
nWo factors, inmelj the emn 
liersomencss difficiiUy of opera 
twin space and tethmc il knowl 
cd^o rwi«ir<?<I in the Zander 
eppintnsarechininated Theso 
itucliims arc constnictid so as 
to ttcfci o one inoiement in a 
joint and ore oil octno motion 
machines bjio tlio c forcinum 
duction m tlio wn t and »nkh 
lliese an, so-eullcd «ctiio-pa»- 
suo machines that is thenioie- 
mciit IS started asm tholvmnk 
•'ids r;. pt iidnhini fippinitiis by 
revoUiD" a iihnl to start tl«o 
exerei e, and the wlieel is kipt 
iHoviiig It) the acticitj of the 
p Uii ut s on n imiwtlej Jlaur of 
the mjehine-* arc fitteil with 
scilrs pirtieiiUrli tho'»i for the 
hands and feet uhcrebv » pitum mas ftctitallv ix* the |»rudfHl itn{ roie- 
fieiit, Btiil this acts as a aiimuliis to fiirtlitr liTort The tnplieale-piil 
lev Heiglit micUine »h>v.H «> Fipjutv I slmws the simpbcitj <j.lw!rcbv 
usi tan« nn\ K arranged ujiward downward or from the sidi 
Ih ige or re<i tjnr, is graduited b> th« addifnn or diuiuiation of 
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are the Zander, based on the pnnciplc of the kver with movable weight, 
the Krunkonberg pendulum apparatus, and the Herz modification of 
the Zander apparatus If xve disregard the passive movement machines, 
whoso sphere of action is verj limited, we find that the importance of 
the machines lies m the resistance to efforts against a muscle, and the 
localization of e'lercisc to definite muscle groups This resistance may 
be afforded by the weight and lever Zander, by friction against a brake 
in the turning of a wheel, or by stretching or compressing springs The 
principle of raising a weight by means of a lever has more recently 
been modified to raising weights bv rope and pullcv 

Sebolz, in his Manual of Mecltanotherapij states that “apparatus for 
medic'll gymnastic exercises should meet with these requirements 

‘1 It must be constmetod m such a way that the patient m the 
apparatus is in the correct, original position, that is, the apparatus mu«t 
prevent anv indirect, secondary contractures of muscles This is obtained 
by arrangement for support ind fixation 

‘ 2 The apparatus must allow the intended position properly to be 
done from an anatomical, as well as from a medical gymnastic point of 
view 

‘3 It must allow exact dosage and control of quantitv of exercise 
“4 Apparatus for resistive movements must allow exact dosage and 
regulation of the exercise which is to be given " 

Following Ling’s development of a rational system of free exercise, 
Zander constructed apparatus by which exercise might be given without 
the assistance of a trained gymnast He constructed m all some thirty 
SIX machines for active movements, including those for the upper and 
lower extremity and trunk He then devised motor driven apparatus for 
balance movement, passive movement, vibration, percussion and knead 
ing and friction Along with tliese, machines for the correction of 
scolioses and various measuring apparatus completed his contribution 
to mccbanoticrapy The maihincs for active exercise were constructed 
on the principle of the weighted lever, by which certain muscle groups 
were activated by the movement of the lever The degree of resistance 
was graduated by moving the weight upon the lever Jfotor-dnven pas 
81 V e exercise machines were construct^ upon the same principle, and 
were of definite value m that the smoothness, coatinuitv and uniformitv 
of the movement was supenor to that applied bv a gymnast 

The advantages of the Zander apparatus he m the graduation of the 
force and resistance, the human factor of the gymnast being eliminated 
However, the proper application of the machines requires the attendance 
of one trained in therapeutics of exercises to gage the amount of re- 
sistance required and to sense the expressions of fatigue when tho 
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Lxercise i—llon/oiilil attnciiment Plcx interphalangeal ]oint« 
keeping inttacirpophlangcil joints extended 

hxerctse i— attachiutut Extend mctacarpopbalangeal joints, 
keeping initacirpophal ingeil joints extended 

1 xercise k — Low attseliraent Extend metacarpophalangeal and flex 
interpliaKngeal joints 

The operator seated opposite tho patient should count the repetitions 
and eiicoiiraQi. his efforts Each exercise to he continued till inoicmcnt 
hows flaujjiu^ and then stopped The most eoiivcincnt weights art shot 
1 1, loidrd to two ounces tuh iiid ittadied b% hooks Thev can casilj 
K made and repaired hj the mas eur 



Fi — Fisorjj Thtapmuj. 


3 Thumb Adduction and Abduction — Hind in pronatioii kttuch 
the stool on the rodi il side to Ihc thumb for adduction 

/ jcrcise / — Driw tlit tlninil aero s the hand Repeat the moicment 
to till pmiit of ixhaii tion 

/ xerrise . — \ttneh the stool on the iilnir side of the llnimb draw 
thnnih out in nl liiction Inpiat to exhaustijn 

4 Finger Treadmill (Ii^ 1 — loluntnrt llixion nf hngirs 
''trip ih( wn t and turn the whc«l b\ tlcxiiv the fingers in turn till ox 
hail ti n < f e i<h tiiigi r J he nmoiint of work done l>^ a single hiigi r can 
b ' iltnl unl I \ Using that lingi r onij, and notuip, llit weijit and dist inoe 
•t 13 rai<<-d 

5 Circumduction of Wrist for Stretching (t ' ) — ^trap the wrist 
and fonariu gra p the handle and turn the whcil nlcut twentj rcro- 


ilEOHAJrOTIIERAPl 


JEcKenzie ^ives the following instructions for the u-jc of the various 
upes of apparatus 


Up 1*EI tXTrEiHT\ 

1 Finger Board — (a) loi stretching contnetions of the fingers, in 
flevion, 'incl (h) for stretching abduction at the motacarpophalangeil 
joints 

I'xtension of Siv^Je Pinger<( — (a) The hiij^trs iro placed on the board 
111 iimdc r ite flexion, ind tlic huger under trcatiucnt goes up the stair, step 



Fic 4 — Fincek Putirrs 


bj step Note the last step at which the finger under treatment can bo 
rai od from the stop without assistance Depress the hand to stretch 
still farther 

(b) Place the index finger against the peg at 1, and spread the second 
finger out, noting the farthest point at which it can touch the pc^. Repeat 
with the second, third, and fourth fingers Repeat each luocemcnt not 
more than five times 

2 Finger Pullejs (Pig 4 )- — For flexion iml extension of the fingers, 
strap the wrist and arm at the elbow, insert the fingers into the gfove 
stools and add weight until it can barclv he lifted bj the vohnitnrv pawer 
of each finder The weights arc increased as improvement goes on, and 
the movements repeated np to the point of exliaustion 

JJxercue 1 — High attachment Flex metacarpophalangeal joints 
keeping mterphalangeal ngidlj extended 
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Ezercfie 2 — Hon/:oiital attaLhment Fits intcrpiialdu^jcal joint-, 
keeping mf tacarpoplihnj,ejl joints extended 

Exercise 3 — Tx)w atticlimLOt Lxtend meticirpoplialaiigeal joints 
keeping metacirpophalaiijijl joints extended 

Exercise J, — Low attachment Lxtend metacarpophalangeal and flex 
intcrplialaiigeal joints 

The opiratfir scitcd opposite the patient should count the repetitions 
and enemin^e Ins cfForts I acb exerci c to bo eontimied till moiement 
shows fluking and then stoppetl Ibe most comcnient weights arc «liot 
1 !?> Imded to two ounces each ind attiebed b\ hooks TheN ciin easilv 
lo ni idc and repaired hj the mi »c«r 



Fir — FisrER Irewmill. 


3 Thumb Adduction and Abduction — II md iii pronation Attach 
the stool on the radial side to the thumb for ad'luctinn 

/ J'frcise j — Draw (ho thumb aero s the bane! Repeat the moscmciit 
to th( pmit of exhaustion 

1 xrrrtse } — Attach the stool on the ulnar side of the thumb draw 
titimh out 111 alxlnctun I epeat to exhaustion 

^ 4 Finger Treadmill ) — tor iduntan llcNnii of tinge r« 

tr»r tin wri t uiiil tiini tin wheel b\ flexing tin buyers in turn till ex 
> ui tinn of ( lie h J. -pin nniouut of work done 1>\ a sniclc tiiiger rm 
“il iilalidln u mg that fingi r onh and noting tin weight and di tsnet 
It 1 rai«<il 

Circumduction of Wrist for Stretching (hi^ f) — ^triip the wn t 
pfa p the handle, and turn the wheel about twciiti rei'O- 


und fnitai 



Fig 7— Aeductiov and Adductio*» of ^\lU8T Note scale showing range of motion 
and Etnall handle to hrahe machine to increa«e resistance 


6 Adduction and Abduction of Wrist (Fig 7) — Place the fingers 
under the straps on the hand hoard, strap down the wrist and forearm, 
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adduct and atdutt the hand notin^ the range of movement on the pro- 
tractor The 'weights will vary for these two movement'’, which should 
be (lone separatclv 

7 Flexion and Extension of Wrist — (a) Grasp the roller oit-rhand 
and 'Wind up tho 'weight, everting the full range of movement without 
releasing the grasp The scale will measure the range of the joint and 
tbo weight and distance multipbcd gites the total work done in foot 
pound’ (li) Reierse the grasp and repeat for flexion 

8 Fronation and Supination (Fig 8) — Patient stinds facing ma 
chine and grasps the handle with the left hand, his left elbow joint flest'd 



Flo 8 — T^ovatiov an» ^CTivvnov or Wmst 


us right forearm acm s hia I ich, and lus hand praspin,. hn kft ami above 
tie elliow to prevent sideways mosenicnt. *^t weight and ratchet for 
supination and turn, counting the clicks for each nio\cment and noting 
>e Weight and the distance raised The incvsurcmect of eich movement 
appear on tho protractor Iicverso the ratchet and repeat for 
pronation. 

B Flexion and Extension Elbow — (a) The patient faces the 

np leate irucliinc gra ping the floor handle the arm and cord in line 
I'v and relax the foninn (6) Fatunt faces nw is from tin. mselune 
prssping the shouldir liaudh tbr ami full fltxed the upper arm in line 
tiip* ^ xtend and relax tin. forearm In hith th<sc cxcrci cs 

position of the upj%er arm mu t remain unchanged If this is not 
none, the direction of the pull la changwl 


lirCH^VNOTHLRAPi 


10 Shoulder Rotation — Grasp the floor linullc the elbow on a 
bricket, shoulder high, the fomnn flexed to a right angle Pull up with 
the hand, throughout whole r\nge of shoulder luo^clnent without chang 
ing the height of the elbow or its angle of floMoii 

11 Flexion and Extension of Shoulder Joint— (a) fhe pitimt 
stands with his back to the flow handle, the arm down and straight Arm 
forward, rii&c and lower (6) Face to the floor handle, draw the arm 
b \ck, and low cr to position 

12 Adduction and Ahduction of the Shoulder — T.lic patient standi 
with the side to tlio triplicate imchinc sliouhlcr attachment, arm ind cord 
111 hnt (a) Priiij^ the arm forward across the chc&t (h) Pititnt stuids 



Fio a — CiBouWDtcnox of Ankli. 


as in I Xereise 1 but using the floor ittielimciit Pring tiie str light arm 
upward and lower to position (r) Pitieiit stinds with his side to the 
mathino overhead attachment, atm in line with the cord Bring the ann 
downward and forward then downwanl and backward, altcniafoh (d) 
Patient stands with the side from the machine, the arm across cliest, grasp 
mg the shoulder ittachment Extend the forearm and arm, keeping them 
at the shoulder level 

13 Passive Abduction of Shoulder — Patient standing with the side 
to the creeping board, and the forearm rigidly extended Clirah up the 
hoard bi the fingers with a straight arm, and note (a) the highest point 
at which the fingers can be lifted from the board h> the patient (h) the 
le\el to which the pitient can bring up his ann without htndiiij, lu’’ 
elbow 
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OciKral inovonients tliat arc iif c »liio in trc iting tho iniisclea of the 
iippi'T tTtrcm]t> arc rolling up i h ill <it pipi r tlirownij^ and c itching balN 
o£ all size? and weights cjiioits lnwlin^ piugpon^ erokinoK billiards, 
welling knitting rope splituu uiikm^ knot the iisi of tools such as 
Scissors borin,^, Inninieriiip, ni dcliiiw piii^itg bookbinding saddlcn, 
and shocnnkin^ 


LowLI f\TIl.\IlTV 

1 Circumduction of the Ankle ( 1 i) — The pitiint sits with his 
foot strapped m place The rui^* of m iicment is rtgul itcd b\ a thumb 
“crciv (III the cr ink The h mdle is 
turned hi the piticnt or operitor 
for this strctchiiip inoicmonl 
winch should precede the lolimtin 
active moiemeuts of the ankle 

2 Inversion and Eversion of 
Poi}t(l!ig 10 ) — (o) The patient 
Wilks on the iniersmii ruUt i 
difiiute di tince with hand ml 
support (b) ditto for eversion 

3 Borsiflexlon of Ankle — 

The pitiint sits or stands with his 
foot strapped to the footpieee 
Tl<*^ the ankle riisin„ the wei,.!it 
file extent of the nioiement inn 
hi estimated bi tlio luimber of 
clicks the exact nieisuremeiit 
uotcil on the piotractor ind the 
lot li work dine is ei ih cilcuhtcil 

4 Rotation of the Knee — (a) 
laticnt IS eatid with th. foit 
ttrajpid to the footpiecc and the 
'“r. against the bricc lie nddiiics i-k lo— Invcbsiox axd Inasiov hoibds. 
w aUlucts the foot rot^tu.^. the 

n«* the extent of rich moieinent liein,. innrked on the protri fir (b) 

If patient stands with thekiHtil nkid incxtin ion and nd huts or alsliicts 
fsit This moiemont m< isuro^ hip ritatioii if rm i« taken to keep 
■e pi Ivis h-od In either pn itinn the ni m me lit of the tlcxrel ankle is 
'‘"gilt 

5 Knee Flexion and Extension (big I — Tripht itc nnehiiie 

^ Fncx to flm imchirn trap tlio fmt to the tloor attach 
cn Moiiment 1 l<x tlu knee a^in t resistance. 
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10 Shoulder Rotation — Gnsp tlit flni»r IjhiiUp tbo rlboH on a 

bracket, eUouldor high, the foTCXnu to n right angle Pull up wuh 
tlio bnud, tlinmgbout mIioIo nngL of ‘'boulder moioimnt wilhont rbnig 
iiit^ the of the (Ibou or its angle of tUxiou 

11 Flexion and Extension of Shoulder Joint — (o) Tlic pjtirnt 
stands with Ins back to tlu floor Imullo the nrni down and “tnight Aim 
forward, rai>,c and loner (fc) lace to the floor liaridle, draw the am 
back, and lower to position 

12 Adduction and Abduction of the Shoulder — Ibc patient stands 
with the &uU to tUo tripheitc luiulmu, shoulder ittacliimnt, imn and eonl 
inline (<0 hrnip the inu forward across tlu clast (t) Piticiit 'St luds 



f^a 9 — CiBcuuDecriO'^ of Ankls 


as in rxcrei'*'' 1 but namg the floor iittaelumnt Bnng the. ■‘frUolit arm 
upward and lower to position (c) Patient stands with Ins sido to 
machine oicrhead attnehnunt arm m line with the coni llniig tin ann 
downward and fontard then doavuwnnl and b ickwani nltcmiteh 
Patient stands witli tlio saft from the machine, iht arm across tliest, grasp 
ing tlio shoulder attachment Fxtend the forearm and arm, kc* piUj, them 
at the shoulder Icrel 

13 Passive Abduction of Shoulder — Patient standme ">111 the side 
to the creeping board and the forearm rigidlj extended Chmb up d'a 
board b> the fingers with a straight arm and note (oj the ln.,\i(.st point 
at which the fingers can bo lifted from the board hj the patient, (i) the 
Ificl to which the pUieiu can bmip, up hia ann, without !»cndiiig bn 
elbow 
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Exerctse 1 Side to tlio mtcliiDe, the foot strapped to the floor 
attachment Aloacment Adduct the thigh, keeping the knee straight 

Exerase 2 Side from the znachinc foot strapped to the floor attach 
ment Jlovemcnt Vbdiict the thigh, keeping the knee straight 

7 Htp flexion and extension 

Eiercxse 1 Face to the 

machine, foot strappol to tho 
floor attachment Movement 
I atend the thigh with the leg 
stretched 

Exercise S Face from 
the machine foot strapped to 
tho floor attachment. Move- 
ment Flex the thigh, keeping 
the kneo straight 

8 Thigh flexion knee 
flexion foot dorsiflexion — 

Pifient tops through the 
rungs of a horizontal ladder 
with parallel bat umv rcats 
riio ladder is made adjust 
able for height at one end 
aud rui ed to increase the 
moTcment rwnurod to rai e 
the fiiot oTortach run,. This 
IS esjK'cialh ii«ofiil for 
amputation ci«cs 

9 Thigh extension knee 
extension foot plantar flex 
ion Thebicvcle trainir avith 
an increasing loadof distance 
or friction (iig (11) 

Mensuration — I) o f o r o 
starting cxcrci c it is well to 
know the range of motion pre ent at a jJint «o that corapanvm maj be 
made after a shoTt period of imlmenl tr* iw whether or not mproTement 
in range of motion is taking place kmler too active c.xerci i or m tho«c 
ra (s wli( jT* the inincks umh r artive-pi iveexcnii an strained fiirtlicr 
limitation of motion miv U ditcetnl 

Vvcril simple devnes Lave been dcviMd consisting of jointed arms 
aviUi a protractor scale one ann la ing hxcsl at zt ni on tin scale and the 
other movable about the protractor indicating in degrees as it moves the 
arc through which it passes. This simple f>rm i mo t n«efiil m measur- 
the range of mition in the joints of the cxtmnilics. In some of 
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Exercise 3 Face from the machine, strap the foot to the floor attach 
ment, the flexed leg and cord in the same hue lloiement Extend the 
knee against resistance 



Tio 11 — 6TATio'<Anr KiCYCLe. llugb and Icote exteniion plaotar flexion of foot 

6 Hip Adduction and Abduction — Triplicate machine 



Tin 12— GRIF MaCUIVE FOR iMraOTlTO FaTOOX OF THE FlIfCERS A'XD JLEXIOV 
ExTBXsiox or IHB Waisr 
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^\liicL fits l'cti\(>cn the fiiipcrs The juiits an. iiulicitcil with a jkiiciI hy 
(lots on the olliiloid m fjoth full fliTion and full extiiision The hand 
13 then removoil from tin in fnunent the dots connected b\ straight lines 
ind this trin posed to perin^iHiil rtcunl This is illnsfrittd 1)\ the Iltwcu 
iippariliis ill I igiirc 14 

To appre-CHte the limit itiou in ringe of motion m the joint it is well 
to hive at hand the uirnnl nuau riuge through winch a joint moves 
The following tible shows the normal range iisiullv present ni joints of 
the extremitv 

Wrist joint 

Hixion tj 100 digries Fstciision to 10 degrees Ining’ — 110 degrees 
\1 duction—zrro to Jo d«T,rem I aji^e — d«(.rcc8 

\dJiictioii — zero to uO dcfcretu Itangc — I priv* 

Jlbiw Joint 

FlesKn ti 4o d grocs Isten i n to IVi Jogrees rimgi>~13^ degrees 

1 roiiatioii—zero to JO d't.Tefs Ponge— Jo d we« 
bui ination — zero to 00 digrees I jnge — JO hgKCs 
^hnuller Joint 

\! luttKn— zero to IflO d'grce Konce — 1«0 degrees 

(Note— From sero to '^0 d vni-* h the rang in tl shoiildir joint itelf 
while fnm i^O to laO detr os m>v m nt is nnd bv elevation an 1 r itati n 
of tho senpiila ) 

Flexion— uro li IfiO dogrcis I angt— 1^0 degroo 
Fxtiii ion— ziro to 4 j d t,r »“• Pang — to d >.rx 
lilt rnal rotation— zero to *'•> dv Itont-i' — '•0 di.ree« 

Fxt mil rotation— ziru t lo 1 o 1 mg'—! 1 Kreos 

\tikh Tnnt 

Ujr iflexi m — 90 d’^ro-s to 1 d tn »» I ange — ! > d grvcs 
1 liiitar ili^Dji — JO d gn i Od^r-es I nige— 0 d i.txs 
(N ote— Inversitn and cvtrsi n f th fmt cannot K mea iircd with the»e 
sinij Je m trunients ) 

Kiiri Joint 

>1 xion to io d’grecs IxUnsi n t 1*0 k|.Tees I mge— IJ d-grees 
llip Joint 

\l iu tun — zero to la dcgr«s I aig' — 1 decrees 
MJuetloii— zero to 1 degret huige— 4 I'gree-s 

Fhxiim tj lO def.r» •< Fstin joii t IMi Icgrecs luinpe— I'^O d grot's 
Ilvjiertxldi ion frem 1*0 Ix-vec Fxt n ion to I J t tree's 1 mto— t 
(! trees 

Fitirnal rHntion — z ro ti IJ* ! tr'os It.inte— CO d trecM. 

Internal rotation— zero to 10 doKire I lugv'^.O l-vrees 

InMICVTIUN VM» ( JNTK*IXI»1C\T1 >NS 

Indications— Ctiii rnliri l<x«rci«is m iiidiettixi in th »< of iduitarv 
oveiipition wlitnin tin gem ml nutolxdi m Ins fall n below its ntrim! 
tlm hold and is e VI If 111 III" It If 1 v di turbanec in one or m n if llio 
S'fti ms e iiiij ri in^ the 1 vjv In jmrelv sv Uniie di»en f « such as in 
rfiiipni itfcl ehnitiie end lejixlitis or enteixpfi i a nitionallv npplnxl 



J4 fp'*?'* Of NfJ IRATV > lUVCf OP ^lOTlO^ ME 

Wctm imu AM* »«\tv'rrAi. 



la—Dy^AVOMETtR fOR MeAS«W’«^ CS» OF 


jho V tltc 

tr x« tor pcalc « '' 
to I'^O wluk m oflior's it n^ 
f.tor* Jrom 0 to 
ttCtompniMiio p^iolop-ijili 
Ui tntis oiir njK of f'M 
tractor, -^Mth uomWc w ik fi 
i riht-tim, its u«o nil tlie oppj' 
( -^itt 8u(l3 of tijC l)Oll} (lu 

13) 

It Ins been fomid tint t''o 

IlKT*lin»g of TOt>t 50 «« 

I rviUj tk protnrtoi <calo of 
i tors difficuItJO’ 

I Auiiplir fonti of jnr-'isnrisiB 
ij)j) ir If O'- w a'! <)c' i®cd to pkt 
out flu utni) riH-c of m*' 


! ^pi5 3»im'* I fus consist® ff 

i < *.01 i!l wo idtu b ir wbi<b 

j our fl < (lor«niii of tbc roH-i 
, cjrpa) boiut 30 Jntn«) 10 

}«<t ot roJtuloKl or till 
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ttbich fits Utweiii tilt finders ihe joints art mJitattii witli a {tiicil bj 
(lots on Uic (dliiloicl HI hotli full fltxun ami full extension The bmil 
IS tlicn renio\tHl from tbt mstrumont tie dots conmxtctl b% straiplit lines 
iiml (iii'i tmispnsocl to p( rmim’iit nc ml This is iJIu^frifcd I)\ (lie Ko«<ii 
ippanfiia in ii^tiirc 14 

To apprcciati tlie limitation m ran^c of motion m the joint it is well 
to luie at hand the normal mtan rau^ tbrounh which a joint motes 
The follftwiiif' table hows the nonnil rin^ u^iiailj pnstnt in joints of 
the ixtrtmitj 

Vi nat joint 

FltTion to 100 <1 grecs I xteiiaioii t 2t0 degree* Kaa'^e— 140 degrc<^ 

\! Jiicti ni— *( ro to il'gnes I aii„«— 0 1 («n.cs 
\dlu(tion — Mro to 0 degrees K>i>te— 0 «k,.rei». 

Hbnw Joint 

FItxi n to 4 d i,rie« LxUn wn U IMI degrees I nnge — 135 d'grecs 
1 ronafinn-^ero to DO Ka»»g<— Oo /hgws 

Suiimation—nro to Ji) degre<fs Hang— 90 degrees 
Sbuuller Joint 

\b luetion— zero to loO d grecs laiit*— KO degree' 

(Noti — 'Irom zi.fo to fro d gre-s IS the range »r the houl ler joint it elf 
nhilc from frQto 1< o ilet-re-^ mo iin ni i mad liy rhviiti n and r tation 
of tlic car Ilia) 

HuMjn— atro to 1^0 J grec« I ang<'— 1''0 Icgm 
brien i n— zero to 4 d gr cs P nv — 4o h^rees 
Inttrnal rnlatnii— zero to *'*• h^n Kaiii-*— W* d vrci 
1 xternal rotation— zero to 4o dign '« Uing<“— 4 t Br(>e« 

\iiklc Joint 

13 ir iflexnn— 90 degr a to I d »roi-< Pingc — I degree* 

1 liiitar fl run— >0 d gnxs i »• ht-reis I aiigc — '•0 d'gnes 
(Noti — Inrersinn and « r i>n f tin fie t xntwt I mea iircd with the«e 
Simple inatrunitnt* ) 

Kn '«! Joint 

JUxioii to 4 (1 vrec Fxten i n t ISO dtgree* naiij.e—l’J d gr«s 
Hip Joint 

Mlu (ton— zero 1) 4 dci.re«~* luge — |j Icvree* 

A IJuotimi— zero to I gr ( Itaiige— J legrt 's 

JKzion t) CO dii.ri'es JtI n ion to 1 0 J'j.nt'* rHi|,r — i'll) dgre- 

IJvp^ri xl -n i u from Ifrfl dri.r I M n wii 1 1 11 i ^ree< llange— 4 

Fxteriial rotation — zer tj fO fgr-e'* lUng* — <"0 ie^ree*. 

Internal rotation — zero to W Jgre* luip^— >"0 Wree* 

Imkvtihxh sm ( oxtpmm It. vtidns 

Indications — ( iiuralirdlixini san iiidu iti I in iho < of edentnrx 
ueenpntnii nlunin the pomral nietaUili m his fallen Ixlow its nrnnnl 
ihn hold and is i vhK iieiii" it If l\ distitrl an x-s in < nr or more < f ih< 
sistriiK eoiapn in^ the I *il\ In pur 1\ *\ tcinic di ea i siidi o* in 
r’tnjxn itol rhn me (ndxirditis «r nhniptHi a rationalh applied 
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general 8;jstem of graduated exercise? will accomplisli more than any 
other form of thenpeusig Again, m the functional neurological condi 
tions 80 often grouped under the >aguc term of “neurasthenia,” general 
ized exercise, by increasing the general metabolism and possibly bi stinra 
lating the organs of internal secretion, is frequentlv markedly beneficial 
The local tndicalions for exercf^ consist in the limitation of function 
of a part, u bother it is a joint, tendon or organ In the last, as may be 
represented b\ a retracted lung m a htaling empyema, the cxerci«e of that 
portion of the motor apparatus, nnmely the chest, secondarily acts locally 
upon the organ uithin Local circulatory derangements, atrophies and 
contractures can frequently be prcicnted as well as improved when pre- 
senting, by the early institution of exercise properly applied 

Contraindications — Tho contraindications to exercise include all 
those conditions in which Iho raising of the basal metabolism is detn 
mental Inflammations of all kinds, advanced depleting disease, and new 
growths are definite contra indications to cTcrcise Local, healing, m 
flammatory disorders, by increasing the local metabolic changes, hasten, 
rather than retard improvement Howcier, although this is true, care 
must be exercised in the election of the time when exercise will not pro" 
mote an extension of the inflammaloiy process A short list of suitable 
cases follows, arranged as to the indications requiring local or general 
exercises 

1 Requiring General Exercise 

Constipation 

Enttroptoais 

Gastnc or intostioal neurosis 

Chronic passne congestion 

Marked compensated '•ardiac valvular disease 

Compensated myocarditis 

Arterial hypertension 

Arterial hypotension 

Atelectasis 

Postoperative empyemas 
Chronic pleuritic adhesions 
Neurasthenia 
Hysteria 

2 Requiring Local Exercise 

Torticollis, congenital and spasmodic 
Fractures, following reduction 
Dislocations, following reduction 
Am putations postoperative 
Ankylosis, fibrous 
Arthritis, chrome 

Contractures, cicatricial, muscular or tendinous. 
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r<duccd epipli»*scal sopawtioDs 
Foot aflectioD 
■Weak feet 

Conginital or acquired cluWoot following correction 
iretatarsalena 
Sprains 
Scolioses 

regenerating pcnpberal nmc injanes 

Paraplegias 

Hemiplegias 

Ataxns 

RFFt RI-NCES 

Anedson J iledieal Gamnastics and 5fa age J A A Cliiircliill 
I/nidon, 1021 

Poelim, “Nras 'Massage Its Principlea and Toclmic, W B ‘maunders 
Compana, Pliihdclphia and London ion 

Bueliolz llanual of ThenpeatK Mas ago and Lxerciv, Lea, Pliiladol 
pliia, 1017 

Irenkel H S Treatment of TnKtic Ataxia, Ivelinan, Ltd, London 
1914 

( raLam 1) Massige 4tli ed , Lippmcolt \eM lork, 1913 

llonoll lliesmloga 1\ B ^anndi rs f ompana Philadelphia 101^ 

Jones Sir Kolxrt Ortliopeilic Siirgen of Injuries, Oxford Unnersitv 
Ircss, London, 1921 

— — " Iiijurns to loitifs Ilenra Fronde and Iloddcr A. btongliton, I/m 
don 1022 

Kh-cn Imil V Afassigi and Medical Cemna tic 2d cd Wood A Com 
pain 3veav \ork 

Mclxenric, L Tait IkO<tnmi»^ the Manned 'Maciiullan, New 'kork 
191« 

\i««en Practical Ma i^i and Cgmctnc I xcrci«cs 4thcd,L A. Dam 
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general sjstem of graduated cTCrciscs will accomplish more than any 
other form of thcrapeusia Again, m the functional neurological condi 
tions 80 often grouped under the \ague term of ‘'neurasthenia,'’ general 
ized exercise, by increasing the general metabolism and possibly bv stimu 
lating the organs of internal secretion, la frequently markedly beneficial 
The local irulieaiions for exeretse consist in the limitation of function 
of a part, whctlier it is a joint, tendon or organ In the last, as may be 
represented b\ a retracted hm^. in a healing empyoms, the exercise of that 
portion of the motor apparitus, iiameh the chest, secondarily acts locally 
upon the organ within Local circulatory derangements, atrophies and 
contractures can frequently be prevented as well as improved, when pre- 
senting, by the early institution of exercise properly applied 

Contraindications — I he contra mdicitions to exercise include all 
those conditions in whidi the raising of the ba«al metabolism is detri 
mental Inflammations of all kinds, advanced depicting disease, and new 
growths arc definite contraindications to exercise local, healing, m 
flammatorv disorders, hv increasing the local metabolic changes, hasten, 
rather than retard improvement However, although this is true, care 
must bo exercised m the selection of the time vrben exercise will not pro- 
mote an extension of tlie mflainmatory process A short list of suitable 
coses follows, arranged as to the indications requiring local or general 
exercises 

1 Kequiring General Exercise 

Constipation 

rnteroptosia 

Gastric or intestinal neurosis 

Chronic passive coiigoation 

Ifnrked compensated '•ardiac valvular disease 

Compensated niyocnrditio 

Arterial hypertension 

Arterial hypotension 

Atelectasis 

Postoperative empyemas 
Chronic pleuritic adhesions 
Neurasthenia 
Hv steria 

2 Requiring Ixical Exorcise 

Torticollis, congenital and spasmodic 
Practures, following reduction 
Dislocations, following reduction 
Amputations, postoperative 
Ankylosis, fibrous 
Arthritis, chronic 

Contractures, cicatricial, muscular or tendinous 
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the eiphtcciitli cfiitnrv refer* nct« in. made that it i\as eiin 

then npprtcnfcil that occupation w is of dehiiite laltie in iic iirop \chiatni 
ca«cs Ihnjninin I n^h, m 1‘'01 in spiaViug of methods of treatment 
for nenous disorders mh cm itiil teaching the roots of the me<hanicil arts 
In 1''22, Dr W Milan, ^iip* rintcnilLiit of Mcltan IIo pital stated that 
amusements proiidid in tin ostiWi hnnnts for hiiiatics such ns die s 
bickpammon, ninepins sniiigin,^ sawin^, uood j^irdonin'j nndin|: writ 
inp, nnisie etc., afforded tTirci cs Uitli of Uds and mind and had a 
powerful effect in tnnqiiilirnv hrt ikinp up lon^ a soenttons of das* 
and indneinfi cornet hahita tf thmkin^ an v.eU as aclvnj;* The annual 
ri ports of snperintcndciita of main in int aichims diinn" tlie list linn 
dnd M irs point out the sirnt, trend of thni^ht and on. more or Ic 
lunminmis in their approiil (if work as a nniodinl agent m improving 
the plnsicil well kin? and composing the n tic s and cxcittd eondituiis 
of the patnnts 

It 13 uitcr( sting to note that the t\pi of work sclo ted dnnn.^ the earli 
tears in using ocuipUion as a citratirt agent emi«i<tid hrgiJ' m agri 
ciiltiirnl lalwr, cirpmtn and drawing and painting Later tbt dner 
Bicnnl oteupations wen inidc n < of hut is lute as liitb Dr IIo\t of tin 
lowu fetifo IIo pital stated that no gixiter dnersili of (mplosmenf 
no inon inctliodieal npplieotion of this form of tnaliiunt cnild k re 
perted thin was done lifti seirs j?o However, during tin pi t fifteen 
nr twciitv \cir, detiiiitc adv tiuenunt has ken nude not onh in the 
wlcction of siiitahli work for the iiisine and Mind Init nl-- in tlie prin 
eiplo of iipphing suitable occnpntum for the < of 8<jnnd mind but 
plnsicnllv Inndmppcd Inl'tlO Intahd Occtti>nlu>n hv SnsinU Tra v 
nppured showing the valm ofixenpition for tin ank with lesoons in 
croising the resoiiretfiiliie s if tin mir es in ktipm^ u pitnnt jenipiriJ 
dunn„ illness In ni4 the M«« atliu tls ( (ticnd Ilospifil £ fihlislieda 
inelieal work«ho[ ns n hospital dcpirtimiit for th ii < »f ihr me nit 
I'ltiuit Til shop was equipped fir the rinmif ictnn of aim :it 11 >wcr 
Jicts gtflts siindnls pirdvii nice sorie and during its fir t vear made 
It elf i-e!f.suj,j>ortni^ 

\t ^binn ConneetKiif a eoiivah (rent Iioir' for tanliac eases was 
sfart(d wli( re eiinint work imilar to tint d me in Mo iclin < tts < iiural 
llii'pital wis nndi tin work Kim, gradid •* tint moleniti and e< n 
lulled ixireisfs fir the patnnt «i»nll I fcivni and nl tin inn turn 
prolUillo (x'cwpitiow nlT rded In Ma mIiwsiU the (Mimr*n>n f an 
“Id I irn info (lie n iw willknonn 1) vir iiix M insi m wlicn iM-dipitim 
was tin thif f rdiiednl uai nt pnv«<l h ininv thnt fhrongn tin ngi iiev of 
Work much (>«ml I K d tin 

Diiriii^ tin 1 1 t ten vears in ininv li pitnls fir <lironi< 'ondifions 
li os till rni! is orthojH lie li i m and e mil w di m «, and in innnm 
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OCCUPATIOAAL THERAPV 
ViiwvM V Ufalf\ 

Introduction — For m‘in\ \cnr3 nicdual men have rcilized that pro- 
longed illness or disabiht'v, pirticnHrlv in patients requiring prolonged 
hospitalization, was friqucnth lecompiiiied b\ a mcntalh doprc«srd or 
lethargic state, iiliich was rareh oatreome until the patient was able to 
return to his fonner occupation, or at least some occupation It wi! 
not an uncommon sight, ton acars ago, in cnttrin^ a ho«pital ward, to see 
t\vcnt\ or more patients, in ill stago of iUnt^s, either hiug quictl} m 
bed gaziiig at the iisiul blank hospital walls, or sitting up aimlessly, oe 
caaionallj reading but for the most pirt doing notiimg iNursis, at tunes 
noting tertaiii patiruts more dcpri 8 «ed thin other®, would giic them 
heaps of cut t,uizt to fold ind this simple measure frcquentlj trans- 
formed a much worried and depressed indiiidnal, hing disgruntled is 
bed, into a more or ks® cheerful one, sittin^ up in bod and, while work 
ing, talking to his neighbor 

A few thouglitful persons prior to this time, with keen insight into 
the psjchologv of the snk, adeocated keeping hospital patients bus> 
Thoj appreciated, of cour®c, that tho c seriously ill or in a critical coiidi 
tion could do no work, but the large percent ige of hospital patients 
during their sta\ m the hospital frequently spent two-thirds of fheir 
time m a more or less comalcsceiit condition, which tunc thei could im 
proao by suitable work, thereba not only improving tiitoisches plnsiciH' 
but psycboIOpically preparing themselics for their return to their former 
or other occupations For many years occupations of -vanoua sorts ha\e 
been soUj,ht for the blpid and for those suffering from mental disorders, 
and the beneficial effects in these tapes of cases have been too well rec 
o<mized to require more than passing comment But it has been tbe work 
accomplished by these tapes of cises that lias done ®o much toward the 
establishment of the idea that occupatiou is one of the best means we 
have for aiding in the recovery of the sick or maimed 

"Manual work has been well rccognirtd for main v ears is a therapeutic 
aeent in tbe treatment of mental diseases In the medical litcriture of 
264 
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rehabilitation of tho^e applvmg for such assistance This law was parsed 
bj Congress in June, 1920, and is known as the “Industrial Kihabilita 
tion Pill’ Lp to the present time thirtrfour fates in the Lnion ba\e 
accepted tbc offer of Congres and hare appropmted \arMng «ums for 
the nbabilitation of those enpplcd bv accident or disea«c, making it 
possible for am individual to receive the required training to fit him for 
work that ho can do In \cn \ ork State the appropriation of "*7 >,000, 
with a like sum received from the Federal Govemmi nl provides the ineana 
with which plnsicallj handicapped per«ons mar receive vocitionil tram 
iiig to fit them to return to some oeiiipatioii — tlie onlv limitations lx mg 
m those easca of aged or hclplcaa vndvwdwaU, tho c confined in penal in 
stitutions, epileptics, fichle-mmded and thy e iinler the ago of fourteen 
Tlu, rehabilitation nork is carried on under a Commission consisting of 
a Commissioner of Fdueition a m ml'i r of the State Indu trial Cominis 
81011 and the State Coinmi siontr of Health 

To-dav one hears imm terms used m conjunction with the care of 
the 8ick and maimed other than medical Occupational tbcrapv erpi 
therapv, functional re>i>diicationjl rehabilitation ihtrapv vocational tram 
mg and rehabilitation curatiie occupation nnd coiiiitIe« others, all of 
nhith lorder upon and incite into each other vol eliffir from eacli other 
m thi stage of illne s at which ihev an utilized and the manner in which 
tliev aro applied In order that wc mav ailequatelv understand the prin 
ciple of this tape of thenpv we slioiild clearlv define what i« meant 
b} tho term occupational therapv and bv the a sociated terms aliove- 
mentioned 

Ooenpatiou IS work Work used to imprwe either tlic pb\ ical or men 
tal functions of a patient is oeenpiliomit flieriipv Lrgo tlierapj is work 
tbcrapj nnd hence svnoimnMis with <*eeiipation thenpv 

iuiictional reediiea ion iis n cel in conjunction with n. toratnn of 
thnio jhvaicillj manned m the phv leul re tvration of function hj means 
of appropriate phj lotherapv nehashiking hvelri therapv ma«.ige cle-e- 
tricitv or gvmnastie< W here a re medial everei e is givru m the curative 
work hop through the movenimls re<|Hinel in carrving out de finite trades 
ore>enipition«, tins tv pc of work Ivrd r»e.h>so|> upon occupational thernpv 
In a lunnograph m Occupational Thrmiy ipplird to the I estoralion if 
F unclion of the I)t«jlled Joints Baldwin states that occupational therapv 
IV based on the principle that the lee t tvpc of nmeeliil exerci*e is that 
which requires a cries of specihe v diintarv miveni nts mvedvexl m the 
onlinarv tnulos anel ewcvipvtvows ^waecal trauiing pKv or the eiavlv 
rmtiiic activities of life In this the author ha limited oceupitimal 
Work to those suffering from eli ablixl jeint but a broader evinrcption 
of Its nsefulrioM must be appnvnteel lunetional rex lucation if ap* 
pliexl to the re>»fnration of di illeel jitnts and accesmpli heel thmudi the 
motlium of CTcrei e m tho curative work bops js ccrtainlv occupatnnal 



2CC OCCTJPATIONAT THER^Pr 

crable pn\ato and scmipmate samtanums, occupational therapy, through 
auakcning the vill and affording encouragement, has aided greatly in 
shortening the time of comalesccnce and the maintenance of the spirit of 
accomplishment 

The stimiilna of the brought out the usefulness of this remedial 
agent very forcibly, \\hen those previously netne in private life were sud 
denly brought into hospital cmiroiimcnt so maimed that, m many cases, 
prolonged hospital convalescence confronted them I do not donbt that, 
had no definite phn of occupntion been outlined for them, thev would 
have evolved n means of thtir own to keep themselves occupied Pro- 
longed hospitalization without some sort of occupation is demoralizing 
The ennui <!ccn in everyday life among those with insufficient or uninter 
estmg occupation is magnified in tho o of un«ound body who cannot seek 
the diversions available for those sound in hodv The establishment of 
occupational work throughout the army hospitals did much for the mainte- 
nance of the morale of the patients 

At the Wiltcr Reed Hospital, where curative workshops were estab- 
lished under the direction of JfajorBird T Baldwin, the effort to utilize 
occupation as a definite means in the restoration of disabled function 
was successfully accomplished The movements required in special t^pea 
of work were carcfulh studied and patients lucking function in one or 
more joints wore put to work at occupations requiring these very move- 
ments For example, m limitation of pronution and supination in the 
forearm, no hotter form of exercise could be given than the u«o of the 
screw driver in doing electrical vvork, wineh at tho same tune affords 
interesting and instructive occiipution for the patient 

In New York Citv, the Ktd Cross Institute for Crippled and Dis- 
abled ilen, founded through the generosity of Sir Jeremiah Jlilhank, 
opened up a new sphere of action, and has developed into a model m 
stitution for the reh'ibiJitation of the crippled and disabled This In 
Btitute aims to tram vocationalU the patient around liis handicap, so that 
in spite of his phvsical infirmities he muv liccomo partially, if not whollyi 
self supporting The Institute affords a school wherein tho«o receiving 
outpatient hospital treatment may bo tmiicd diinn^, their period of 
disability for one or more hours during the duv, so that, by the time 
they have reached the maximum phvsical improvement, they will be rcadv 
to take up suitable gainful occupation® 

Recently the Federal Government, approciuting the dire need of such 
necessary reeducation for the crippled or disabled, has appropriated a 
fund whercbv the individual States upon appropriation of a sum of money, 
will receive a like sum from the lederal Government for the vocational 
rehabilitation of those disabled throu^ accident or disease In each state 
there has been appointed a State Commissioner for Vocational Rehabilita 
tion who«6 dutv it is to spend these appropriations in the vocational 
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rehabilitation of those applying for such assistance This law was pa scd 
bv Congress in June, 1920, and is known as the ‘Industml Itehabilita 
tion Hill ' Up to tlie present time thirty four states in the Lnion liai*, 
accepted the offer of Congres** and have appropriated lariing auras for 
the rehabilitation of those tnppled bj accident or di ease making it 
possible for anj individnal to receive the required training to fit him for 
work that he can do In 2se\v \ork State the appmpri ition of '^7o uoo 
with a like sum recened from the Federal Goicniment proiidcs the means 
with which phiaicall^ handnapped persons mai reteiit vocational tnin 
iiig to fit them to rttum to some oceup ition— the onl} limitations l>eing 
in those cases of aged or helpless individuals tho c confined in penal in 
stitutions, epileptics fceble-mmdeil and ihoso under the age of fourteen 
The rehabilitation work is carried on under a Commission consi tmg of 
a Cominiasioncr of Education, a member of the State Industrial Commi« 
810U and the ‘'tate Commis’ioner of Ilealth 

lo-daj one hears main terms used m coujuiutioii with tho care of 
the sick and maimed other than medical Occupational thcrapj ergn 
thorapi functional ret ducational ixliabilitatioii thcnp\ socational tram 
mg and rehabilitation curative occupation and countless others all of 
which border upon and merge into eacli otlicr \ct difTcr from each other 
m the stag! of illne $ at which tho are ntihrcd end tlu manner in uhuh 
tlipj are applied In order that wc nia\ adcqHaUl% imdtrstind the prin 
eiple of this t\pe of thcripi we should death defiiio what is meant 
by the term occupational (lKrap% an«l l>j the a sociatcd terms nbo^e- 
tncntioncd 

Occupation is work Viork used to improvccithcr the phxsiea! ir men 
tal functions of a patient 18 occupition'il tlKrip\ J rgo therap% i work 
thcrapj and hence s\Tioiijmou3 with oeeupitioti therapv 

Innetional rciducalion, as u cil in conjunctnn with restoration of 
those jhisienllj miimcd is the physical rc«tf mticn of function li\ m< ms 
of appropriate phssiothcraps such as hiking hidri>therap\ ina sage eh'c- 
tricilj’ or {^mnasties AVliore a rtnisdnl cverci«e is p\en in tho ciiratm 
workshop through tho inoscmcnls nqmrod in csrrMiig out dehiiito tndes 
oroccuputions this tspeof work bnrdcrsdosdj upon oociipalional tin raps 
hi a nioiiogriph on Oecitpaltoml Ihfrajy l/i/Jied fo tht 1 esf >miu n rf 
Funciwnof the Jhvihled Joxnh BsUwin states that occnpitioiisl tlurifs 
*» In cd on the principle that the lx* t type of riineihid cverei*i is that 
which requires a series of spi'cific loliintsrs mosements iiivohisl in the 
ordinary tradis and oeeiipition« phssicsl truinin,^ plsv or the daih 
routine aetiMties of lift In this the antlior hss Iiiniteil nciip.ti ml 
Work to tho e sufTinng from di ihicd joints Int a Imiadir eonrepti m 
n its iiatfuhies imi t K oppr(<cisUd lunctioml retslueation if ap* 
1 Ksl to the restoration of disallxl junts and nee« mpli lied through the 
mtslium of cvtrcisc in the mralivc wirkshops is certninls occupational 
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tlierap\, for not onl^ dots tl»c piticnt fuuctioinlh improve tbt range of 
motion in liis joints, but he rtctivts i training, m inentil coordination 
vvhicli, if anjtiiine, is of inort ixiiniiient \ ihic tlnii the phjsicil resfora 
tioii However, tlicu art mmv ciscs totallv nnsuitcd for work in the 
cuntive workshops whieli can be rcichtil and benefited bj occupation 
npproprintclv applied 

Ivehabilitatinii tlicrapv, is its iiime implies, mav include both the 
physical rchabilit itioii and tlic aocitioiinl rclnbilitation, and tor this 
reason is a ntlier lunfiising teim \ocatjonal rehabilitation, or voca 
tioiial training, la tlic training of one phjsicill^ or jiuntilh IhIow pir, 
m work b\ me ins of whicli ho will likr lx* able to make his livelihood 
Plivsical rehabilitation on the other hand, includes all tlie racdicil, sur 
gical and phvsiothci ipeutie moans for the restrtration of function m a 
patient and slioiild not bo confused with occnpUioniil thcripv 

If one appreeiates that occnpitional therapy is applied to tbojc 
chronicallv ill or maimed, as an adjunct in miprovinj, their phvsical and 
mental well being while disibleil, either bv means of curative workshops 
or b} less active work it looms or in liod, iml that the ndvaiiccmciit made 
18 the patient improves phvsicallv is m the taking np of voeitimul tram 
tng and fitting liim for smt ihle work as i means of ( mijug a livelihood 
a more definite iiiidi rst inding of the piinciple and purpose of oecupational 
therap> will bo obtained 

The selection of work suitable for a patient maj van from the 
cutting of paper puzzles in IkxI to the use of the clcctnc torch in acctvknt 
welding but It IS nevertheless, work, requiring, a warving degree of 
mental and phvsical coordination on the part of the patient, and it is thv 
beginning of the training, in mental or phvsital coordination that dig 
iiifics the work accomplished as occupational thcrapj 

TYPES OF REMEDIAL WORK 

Work, as a remedial agent, vanes m the tvpo of case m which it is 
used, as vrcll as in the stage at which it is started One might divide 
such work into three stages, as follows 

1 Occupation for those bedridden 

2 Ihe nitcnnediarv stage, or occupation for ambnlitorv casts re- 
quiring hospitalization 

3 Vocational training 

Among the bedridden it is generalh understood that those acutel> ill 
require rest and arc not benefited in aiiv wav bv ittcinpts at oven diver 
sional occupation But there arc mauv bcilnddcn patients among clironic 
cardiacs, tuberculous cases and hopeless crippUs, interested m work whioli 
thev are able to do and which Btimnlatcs and endovvs them with a spirit 
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of hopefolnc>i8 nud of accoiuplisliiiK iit thit can be pnined m no other 
way The dissitiftfac-tioii of being unoccupied in led offers time for 



thoiiijlit and intro'^poction Hid cumplaint lorictiJiiiio the uiif rtmiak s 
<^ndition The iiiijiro^cinent m the powers of csordinstion the les ening 
° the intro pection md the requirement of filing the attention to the 
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tllcr^p^, for not onh docs tlio pntitnt functlonaII^ injpro\c tlie range of 
motion in bis joints, but be rcccnts i training in mental coordination 
which, if aiijtliiUp, IS of more ix'imiiient \ahic than the plnsieil re tora 
tion However, tlicre art nnn\ ci<>os totill^ nnsuifed for work in tbc 
eiiratuc workshops which cm be rculitd niid benefited h\ oueiipition 
appropriatch applied 

Kehahilitation thcrip\, is its name implies, raij incliidi. loth the 
physical rehabilitation md the locatioiial rcbahilit ition, and for this 
reason is n rither confusing teiin \ocatioinl rehabilitation, or voea 
tional training, is the traiiimg of one p!l^slcall^ or miiitalh klow pnr 
in work h\ meins of which he will Inter be able to make liis Iiiililiood 
Physical rehabilitation, on the other hand, includes all the medical, snr 
gictl and ph\siothera politic means for the resWration of function in a 
patient and should not bo eonfnsid with oecnpational theripv 

If one ipprcciates that occupational thcrapj is applied to those 
chronicalh ill or maimed, as an adjunct in impiovnig their pln«ical and 
meotil well being while disabled either hi mouis of cnntiic workshops 
or hi Ic s nctiic work at looms or in hod and that the ndi inocmcnt mailt 
13 the pitunt improres plnsicalh >s m the taking up of rocational tram 
mg and fitting him for suitable work is a means of taming n Inchhood 
a more definite iiuder«faudiug of the piinciplc and purpose of occupational 
tlierap\ will be obtained 

The selection of work suitable for a patient may vary from tbc 
cutting of paper puzzles iii bod to the use of the electric tortli m acotikne 
welding hut it is, nevertheless, work, requiring a varving dtgree of 
mental and physical coordmUion on the pari of the patient, and it is the 
beginning of the triining m mental or plnsical coordination that dig 
nifies the work accomplished os occupational therapy 

TYPES OF REMEDIAL WORK 

Work, as a remedial agent vanes in the tape of ca<!e in whali it is 
used, as well as in the stage at which it is started One might dmdt 
such work into three stages, as follows 

1 Occupation for those bedridden 

2 The intcrmedian stage or occupation for ambufafori ciscs re- 
quiring hospitalization 

3 Vocatioinl training 

Among the bedndden it is gcnerallv understood that those acntciv ill 
require rest and are not benefited m auv wav bv attempts at even diver 
sional occupation But tlitrc areminv bedridden patients among chrome 
cardiacs tuberculous cases and hopeless cripples, interested in work which 
tliev are able to do and which stimulates and endows them with a spirit 
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class of patients nqinring institntiraal trintmcnt but not actually con 
fined to bed In every surgical uard m inm\ medical wards m all 
orthopedic institutions or sen ICC and in convaksctnt and tuberculous 
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Mork nt lian<i (nciPiwUrs an improved apmt ttitli tlio dwirp of aeeom 
ph‘iiiiuont m tho'io k«pt ocnipiod SxutnWc ocnipatiou r«|Uirf^ 
m ^olcption Iho prcMous mcntnl stfltn^ of tlie paljcnt lii<* ip' prpsen’ 
pln'ijcal comlitiojj !ikp*i rimI dwlikrs and pcr^oimht^ must lio considiml, 
but once n ‘luu ilil< tut in^ w found, the effect produced wjl! warrant tke 
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effort spent m findinj; it rollouing js a abort hat of occupations suitabfc 
for those confined to bed 


Puzzles 

Stencil work 

( InpcarMug 

Metal work 

^fodchn? 

I either work 

ifnking dowers 

Drawing 

Insbem 

Designing 

CrochctJiif, 

Painting 

Ivmttmr, 

Pmhroidtring 

Belt making 

Kctdmg 

Small loom work 

School work 
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finger, to the blacksmith s sledge so that ordering work with the use of 
a hammer would be is ill ad\i'>ed as the prescribing of a tonic, and leav 
ing it to the patient to administer to himself my stimulant he might 
think necessary 

At times, patients will re ent doing the diversional forms of occupa 
tion, and will respond admirably to the stimulus of curative workshop oc 
cupation when it has been explimed to them that the u e of certain tools 
or madiines, when used as directed, will help the stiffened hand or weak 
fntd leg Host patients however respond to the creative idev of pro 
ducing somethin,, and once they can be interested in the production of an 
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article it is difSeiilt to draw them away from it until it is fini hed Tliev 
must be cirefullv watched os patients recently out of bed will often 
fatigue themselves at the higinniiig of their work so that it is very diffi 
cult to get them to return to it Manv forms of ociupation have bicn 
made applicable to this class of cises and the more experience th director 
of this work has the greater dncrsitv of CKCupations hi will find suitable 
for them 

The space allotted to the work withm the confines of hospitals vanes 
in different institutions from the equipment that niav bo kept in a ward 
to whole buildings of curative woikshops but the same principle of bus 
tamed effort mav bo secured from the humblest equipment ns from the 
dost elaborate, 

Oeeupations for ambulatory cases msy bo selected from the following 
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homes, prcat miinhors of jnliojfs ire to he found veho reipnntl idinirjblj 
to tho atiinuliis of work Jlic choKc of ti suitililc occiipition for tlic«e 
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people 13 e'Etremelv important \s Barton has pointed out, a hammer 
may Miy from tlu snnll jiudcra hanitncr «incli inn be strapped to a 
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finger, to the hlactsmith s sledge so that onlenn^, work ^ith the use of 
a hammer would be as ill adMstd as the prescribing of a tome, and lea\ 
ing it to the patient to 'idininister to him elf anj stimulant he might 
think nece sarj 

At times, patients will resent doing the dtienional forms of occupa 
tion and will respond admirably to the stimulus of curatne workshop oc 
eupation when it has been explained to them that the use of certain tools 
or machines when used as directed wiD help the stiffened hand or weak 
ened leg Host patients, howeier respond to the crcatiie idea of pro 
duoing Bomothing and once the\ can be interested in the production of au 
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article, it is difficult to draw them awaj from it until it is finished Thei 
must ho carefully watched, as patients recentlv out of bed will often 
fatigue themselves at the beginning of their work «d that it is very diffi 
cult to get them to return to it 31'iny forms of occupition have bcou 
tuade applicable to this class of ca es and the more experience the director 
of this work his, the greater diversity of ocLiipUions he will hnd suitable 
for them. 

The epaco allotted to the work within the confanes of hospitals ranos 
m different institutions from the equipment that mav W kept in a ward 
to whole buildings of curative worl-sliops but the same principle of siis 
tamed effort may be secured from the humblcbt equipment as from the 
elaborate 

Occupations for ambulatory cases miy be seltctod from the following 
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list 'wliicli have been found suitable in many different institutions utilizing 
occupation as a remedial agent 


etc ) 


Loom work fmaking small blankets, rugs, table-covers, scarfs, 1: 


Easketrj 
Cabinet making 
Bookbinding 
Leather work 
Hammered brass work 


Jewelry work 
Potteiy 
Cement work 
Light gardening 


Salmon gives the following »s equipment for tht beginning of a euia 
tive workshop 


Smith shop 

Forges tools etc for 10 men 
Fitting shop 
I screw cutting lathe 
1 sensitive drill 
1 polishing machine 
1 electric motor (IV horse 
power) 

Swages and tools for 8 men 

Leather blocking 
Sewing machine 
iyelettmg machine 
Tank 

Galvanized iron and tools 

Tailor’s shop 
3 sewing machines 
Tools for 10 men 


Carpenter shop 
Selected tools for 15 m^n 
Bench screws 

Special tools not for general use 
tVoodturncr’s lathe 
Sfachine shop 

Blectnc motor (8’^ horse power) 
Shafting 
Braclefs etc 
Cement shop 
ITetsl molds 
Tools for 22 men 
Oeaersi 

Bnlhng machine 
Grindstone 
Screw cutting lathe 
Fretsaw workers machine and 
patterns 

Circular saw bench 


When a patient, phiaically handicapped through accident or disease 
IS forced to abandon the thought of return to his previous occupatiou, he 
IS faced with the problem of finding some work winch he will be able to 
do Ordinarily this would mean either working for i low»-r wage or for 
less time, either of uliich would mean a decreastd income, lower standards 
of living and discontent All who have scon patients piss through this 
change realize the marked p^ehological change such individuals undergo, 
and yet there are but few for whom profitable productive occupation 
cannot be found, if thej are able to get about and still posse&s the desire 
to work 

To do this, the problem of vocational training roust be started m the 
hospital Occupational th« rapy, used intelligently, instills into the patient 
the necessity for continuance of productive activitv and prepares the way 
for vocational training The standardization of equipment, the selection 
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of standard design, used during the amhulatorj stage, \vi!l do much to 
shorten the prcparitor^ Us ons m a ^oc.ition'il school 

Institutions like the Ked Cross Institute for Crippled and Disabled 
men and the Do\er Panns Industries in New \ork, are to-dav practical!) 
«ohing the \ocatioinl prohUin« of hundreds of ph^sicalU handicapped 
men The former institution, after a thorough stud) of manv occupation*, 
aims to tnin the Inndicapped individiinl in m occupation suited to his 
requirement uhorebv his handicap is minimized The Doicr Farms In 
dustries maintain a eit\ center, where the Inndicapped are tramed in 
proclnctnc occupations, paaing the uidnidtifll on production The) also 



of ertrpinities are shown 


maintain a farm where handicapped men may be kept for an indefinite 
period where wcekl) wages remunerate the induiduala efforts m con 
genial surroundings Whether the method of rehabilitating the handi 
capped b> adjnstiiic an existing position in indiistr) to his needs, or 
whether the method of grouping the handicapped in a community anu 
baling the total production provide a livelihood for each member of the 
communit) is the better, can onl) he found by meeting each individuals 
problem m the most sensible way so as to pennit of time’s economic au 
justment of the problem 

Application of Work — The most impoitant factor ni the application 
of tins form of work lies m the qualifications of the director of occupy 
tional tberap) Such a director must possess a deep interest m tins 
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subject in order that he maj be able to arouse the interest of his pa 
tients The suggestion bj *1 tictless director that it is time for a con 
lalc'cent pitient to go to ivork frtqueiitl\ arouses an antagonism on the 
part of the patient against any form of occupation which is difficult to 
oyercome On the other hand the more versitile, tactful director will 
fir t interest himself in the patient s eier>da\ ps^thologj finding out his 
likes and dislikes and haiing beiome somewhat acijuamted with him 
suggest that the> do somethin^ together — the most reasonable approach 
and one most freijuenth assented to by the patient 
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llie type of pitients in tbt orthopedic hospitals differs imfenally 
from that found in hospitils for mental diseases md the approach to a 
patient in each instance will aar> The more icrsatile the director the 
easier it will Ik. for him to «uggf st an ocLiipatioa suitable to the piticnt s 
requirements It is as harmful to start a pitieiit on i piece of work 
that is difficult for him as it is to order an orerdoso of strychnin Tin, 
director should moreover, possess an unbounded patience a y ist ainmiit 
of energy, an appreciation for effort even in such cisc? where the product 
of the patient s efforts is hopeless from a commcnnnl point of yiew The 
accomplishment of producing even a poorly made artich where the ef 
fort 13 appreciated frequently will stimulate the piticnt to further effort 
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jrnd ftw akcn an nitercst in tlio trork grows into a do^iro fo return 
to regular occnpition 

The apphcntitm of occupition iwjtiirrs tune, of wliioh the srerajp 
coma!e«ccHt, or chronieill^ ill patient, has an filnindanec It is time in 
which the patient h wealthy, and ttliereas commcrtml articles to be >isbble 
must be turned out in the grcatcit of niimlien m the shortest spnec of timr, 
(he product Af the ocenpational tlicMps department <houfd t>o one 
laliio IS based on its cxecUence of work m order to compete with the 
oonimorcial market \ well-done piece of hand bannncrcil brass lias a 
niarktt which cannot bo infringed upon bt the ninchine-nnilo articK sttd 
the iHoneinr\ \nliic of such an article is iiicasttrrd onl)’ bi its cxccllenc*. 
It 13 important, therefore, that 

1 Useful articles bo produced 

2 Articled be produced for which a market exists 

3 rffort U made to pnxluce articles winch, liccatiee of tlicir 
celicnt workmanship, fonn and color, are to be commended 

The space required for the application of (ho work wiU vary Record 
mg to the t'pe of institution m which it is used Wicrea«, in the tllk^ 
culosis hospitals mucli of the work will bo done m bed, the reqinrcHWiit 
for spico, othir than for amall storage room*, is not great Howcmi, 
in the orthopedic institutions or m the general hospital or surgical scm(s*» 
the curatnc viorkshops require space for amall machinery, for large looiw 
and for dilfcrcnt t^pcs of work wliicli cannot bo ih«pcn«cil with I «wmIJ 
beginning usually lends to more extensue plans than were fomierl' 
thought of so that, in licpnmtig such a dcpnnmonl, anflicient spice «hoal I 
bo allowed for natural dtnelopment In the Ifceonstmction Hospital m 
New kork, whero industrial accidents and diseases arc cared for, one en- 
tire floor of an olcicn-storx Inulding, now in the course of construction, 
13 to bo deiotcd cutirch to oocupslioiinl tliemp% 

The hnnnemg' of a dcpirtmeiit of this kind is frequently one of 
objections raised m starting such work like nil other departments of s 
hospital, it requires moncs to nui it Some institutions haso appropriated 
a small sum to start tbo work, placing in charge of the department sn 
experienced occupational (pacher who works under the direction of R 
medical advisor As assistants to tho teacher, volunteer aids can 1*0 
cured, who will give part of Ihcir time to the teaching of the diiTircf'^ 
(.rafts As products matenahre m tho department, the assistants di<pe <• 
of them through sale®, bazaars or through eonimercinl houses, who sih tJic 
articles on a commission Imsw The cost of the material is dcihictcd 
from the selling price, tho patient wjcoiring the bnlanco for his work b' 
other institutions, the patient makes one article which he is pcniuttw 
to sell for himself on condition that ho produces niiothcr like article far 
sale by tlic institution Still other institutions have a fixed price, whioa 
13 given for the work produced, the institution disposing of nl* artwh* 
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at its own price The choice of method of disposition of the articles is, 
however, not the most important phase of the work and is usualh met 
with in some waj by the director of the department The effect, how 
ever, on the patient of seeuring monetarj return for his efforts cannot 
be dispensed with, and, to my mind is an important factor in readjust 
ing him and hastening his return to more profitable emploj-ment 

The National Soeietj for Promotion of Occupational Therapj has re- 
cently stated the following, basic principles of occupational therapy 

1 Occupational Therapy is a method of treating the sick or injured by 
means of instruction and employment — productive occupation 

2 The objects are to arouse interest courage and confidence exercise mind 
and body in healthful activity overcome lunctional disability and reestablish 
capacity for industrial and social usefulness 

3 In applying occupational therapy system and precision are as important 
as in other forma of treatment 

4 The treatment should be administered under constant medical advice 
and supervision correlated with other treatment of the patient 

u Treatment should m each case be specifically directed to the individual a 
needs 

6 Although some patients do best alone employment in groups is usually 
desireble because it provides exertise m social adaptation and stimulating influ 
ence of example and comment 

7 The occupations e<.1ected sh >uld be within the range of the patient* a esti 
mated interests and capabilities 

8 As the patients strength and capvbilitv increase the type and estent of 
occupation should be rebuUted and graded accordingly 

0 The only reliable meisure of the value of treotment is the effect upon 
the patient 

10 Inferior workmanship or employment in an occupation which would 
he trivial for the health) may be attended wiUi the greatest benefit to the sick 
or injured Standards of entirely normal persons must be maintained for the 
proper mental stimulati n 

11 The production of a well made u eful and attractive article or the accom 
plislment of a useful task requires beolUiy exercise of mind and body gives 
the greatest satisfaction and thus produces the most beneficial effects 

Novelty variety individuality and utility of the products enhance the 
value of an occupation as a treatment measure 

13 Quality quantity and salabilitv of the products may prove beneficial 
by satisfying an I stimulating the patient but should never be permitted to 
ob« ure the mam purpo e 

14 GonJ craftsmanship and abib^ to instruct are the essential qualifies 
tions of the occupational therapist Understanding interest in the patient and 
an optimistic cheerful outlook and mnnn r ate equally essential. 

15 Polients under treatment by means of occupation therapv should also 
engage m recreational or play activities It is advisable that gymnastics and 
ealistlienies winch may be given for habit training should be regarded as work 
Social dancing and all recreation and play activities should be under the definite 
head of recreations 

•SUrvlsad P ychiatri Qusiteily Janu ry 1919 
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HLECntOTHERAPr 
Happy E^toy Stewart 
GALVANIC OR CONSTANT CURRENT 

SoBTcea — Galvanic electnciU mav be obtained from the toam hphting 
Bupplj, which, if alternating in tjpc, must be changed over by motor trans 
formers It maj al o be dtrned from power generated on the premi'-ts 
or from the chemical action oficcIL or batteries 'N>nie one of these sources 
of current is always near at hand 

Apparatus — It has ocmed to the writer that too mucb space has been 
given by authors on elcctrotbcrapcutica to a detailed description of ajv 
paritii The phasieian is now able to obtain a number of well-constructed 
tapis of galvanic machine The hiding maniifaeturcrs are proiidnip, 
service to keep such apparitus in working, condition therefore it would 
seem that emphasis should lit plated upon the pUasics ph\«iological effects 
indications and ttchnic rather than upm any detailed dc eriptzon of ma 
chine construction 

Physics — V aery brief hkettU ot the ph^Aica involved in the galvanic 
current is ncce'i'iira to the iimJerstiiuliiv of it phasiolopical efftets and 
will fcne as a bisis for the comprebensiou of the other tapes of current 
Iho earth cent mis a corfam amount of elcctricita, which amount is 
taken as the stindarJ for i<mpiri on with the amount coutiinod in other 
objects An esecss of that contained in the earth might bo considered 
as higher potential or a pwitive chirge and will flow to the earth when 
a Iwd^ «n charged is connected to it by a conductor or ground and the 
flow will continue until the ekctncal charge of the l>odv is rnual to 
that of the torth Flcitnuta will paas from a bnd\ chargctl with a 
hi,.hcr potential to one with a lower potential avhen o connected until 
the chirgc in each is equal \Vljen we d« ire this flow or current to lx. 
constant we must find «omc nit ms of treiting mil maintaining a differ 
<ncL in potential This raia bt aeaonipliahed through cheimcil action in 
th( gilvaiiic coll or b\ nieehanicil action m tin deiiamn The simple t 
form of generating an cleitric current is m thes single cell which will 
now 1x1 di-seribi d 
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Galvanic Cell — riiia consists of n container partially filled with 
dilute sulplumc or hydrochloric acid lerracd the electrohte, into which 
IS placed a rod of zmc and .1 rod of cirbon or copper Chemical adion 
IS at once «et up, the acid rc'ictuig upon the zinc with the formation of 
new chemical suhst meos, among them zinc «iilphite and hydrogen Some 
of these eliincnta traiel toward one pole and soint toward the other, a^ 
cording to ineir electrical affinity & long na this chimtcal action of the 
acid on the zinc polo continues, the principal movement of elements 
toward the carbon or copjwr pole is mnintiined, charging it with a higher 
potential, and it is therefore designated as the positive polo, the zinc lx. 
coming the negative If to these poles out ule of the cell a eondnctin" 
wire IS attached an ricctrii il current will flow from the positive to (be 
negatne polea thus completing the circuit Thus jt is seen thit the 
difference m potential within the cell con«tantlv created by chemical 
action 13 equalized b\ the flow of current along the wire ^\heIl this 
chemical action becomes weaker or ceases, there is a corrcspondiog weaV 
ness and cessition of the current outside of the cell The drv celh 
follow tho same principle of conslmction etcept that the electrolyte la 
made of somt solid or semisoltd substance and the container is of tin 
breakable matori il 

Batteries — lo obtain more power than can bo j,enerated in a single 
cell two or more maa bo connected together to form what is known as 
1 battery In medic il practice wc nsuallv desire high voltage and low 
amperage, to obtain which, the cells must be connected in senes In 
this ca c the positnc pole of one cell is connected with the negative pole 
of the next e<H and so on to the desired number In this wav the am 
perage remains that of one cell, but the \oltnge is multiplied by the number 
of cells connected OecasionalK, however high amperage is desired 
rather than high voltage, (he ccll!> arc then connected in parallel that 
19 all the positne poles are yoioed together to form one terminal and all 
(he negatne to form the other 

Electrical Terms — The simplest definition of the y inoiis terms met 
Avith in studyiDj;, this subject should be constantly kept in mind Among 
them are 

T'olf — The unit of pressure of electromotive force generated by tb® 
standard wet cell (V ) 

Ohm — The amount of resistance offered to the passage of a current 
throUj^b pjLe Jhousand feet of one tenth inch copp er _wire (R ) 

Ampere — The quantity of current which the foice of one volt will 
drive through one ohm ni one second Since m medicine we nsuallv deal 
^vith admail qnantity“bi^t etncity, we eommonly u'f one one-thou«andth 
of this amount or the milliampere (m a ) as our standard 

Ohms aTrefeStne cinmt the strength of the current i=> 
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larersely proportionate to tlic nsistiacc Tte qiiantitj of current (am 
p res) C, IS equal to tlie clectmimtivp force (volts) E, dmcled by tbc 
iLSistmct (obms) R or C cquil g Ao more simple u u can be 
found to illustrate these terms thin In compsring the flo'v of eloctncitj 
to tint of water Let us bhjhhisi thit wc. hue two containers con 
nected bj a pipe each partiaHv filled witli water If one I's above 
the level of the other the. wittr will flow from the upper to the lower 
container The difference in the kiel lUnstritis the ditfereiice in electric 
potential and the quantitj of water which flows through the pipe repre- 
sents tilt ampers^e Iht speed or pressnre of the flow would eorrespoiid 
to the voltaic, while the rcsistiiici offered b\ the tv ills or turns in the pipe 
usembhs the ohma^c in an elettrit circuit 

It IS stated in Chapter XII that the constant current is the one 
whose main effect is ehcmual For til practical purposes the slight 
thermal effect em hi disiogudeil Uh«n th» p,ah tnie ciirruit is pa nl 
through bodies eomplex in their chemu il make-up such as human tissue 
cliemual dniigcs inimediatelv tikt place Complex molecules arc dis 
Undated and new combinntnns fomi I from their elements Atoms 
breomo eleetricalh clnrged md the ions alrttdv in the tissues begin a 
movement across tlu clcctne held or pifhwav accortling to their different 
affinities As will bo latci shown these chemic-il effei ts, produced bj flit 
pissigt of the pilvanic ciuieiit thmii.h the tissues arc wlnt rlctcrmine 
its mployment ui therapeiitus Tliev art complex and many of them 
relative]) unimportant hut the import uit and useful chcmicil chinges ninj 
lieusod advinfn^cou h and the others disregirded 

Physiological Effects — flit chcmKil changes just referTctl to mav 
bn Inutght about within the living Ixwlv ilmo«t as casih is outside of 
d It must Ik? clcir tint weirc rh ihn„ with i powerful agent by meins of 
which to effect tissue proir <8 Indeed within its verv evident limiti 
tions vve hive th< advantage of nion diroit ind more easih localized 
effect thin IS possille with dnigs hv intern il administntion Since the 
wns within the tissues do move icccrdin^ to their selective polar affinitv 
It imi t lt> evident that the scltction ot the proper pole is nb-oliitch 
vssintial and the differonfnl effects must be clevrly under tood Tin 
importance of this cannot In? overestimated for as might be inferred 
in most conditions where the ipplicifioii of the positive poll is indicated 
the iiegifivc would he distinctlv hirmful ind vice versa The sclcctivt 
iietion of tlip enhaiuc piU upon drug icns will lifer he taken up Tht 
rffevts which thev evert upon livin^ tissue are as follows 

Positive pole y 

I Produces V isoconslriction v 

- Tsseditivoto tnsory nirve endings, relieving pain 

« Hardens newly furmed tissue cspcciallj s, u 
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Galvanic Cell — Tins const ts of a contimicr pattiillj filled AMfli 
dihifo sHlpLunc or Jn drocliloric aejd, ^er^Icd die c^oc(^^)l^fc, inlo whicli 
IS pheed a rod of zinc and a rod of carbon or copper Chemical action 
IS at once ‘'ct up, the acid reacting nj>on the zinc iMlh the fomntioii of 
new chouiioil suh tinci <5 among them zinc sulphate and Iijdrogen Some 
of the 0 elnntiits tnnd toward one pole and oine toward the other, ac- 
cording to tiiLir electric il nffinlt^ So lonp. ns this chenncal action of the 
acid on the zinc polo contimies, the principal nioscincut of elements 
toward the carbon or copjicr pole is inaiiit lined chirgiii^ it with a higher 
potential and it is therefore desigmtod its the positnc pnh, tlie zinc l>e 
coming the iit^tuc If to tlic«o polca out ide of tlie cell n twidiictiii!; 
wire is attached, an electricil ciiritnt will flow from the j*o ifi\i to the 
iiegitne pole<i thus eoniplctuu the circuit Ihns it is ■sein thal the 
diffirenco ui pofentnl within the cell coiHtintU crcntcil h% cliemicil 
action is cqiuhztd In th< flow of current along the wire \Micii tins 
chomical action hecoincs weaker or ccn«e 3 , there is a corresponding wcik 
ne s ami « 'Nation of the current outside of the cell The (In cclU 
follow the s-imo principle of construction except that the clcctrolvto w 
mull of «onie «o]id or «inii olid snlistamc ami tlic contunrr ii of mi 
broiknblo nnforial 

Batteries — lo obtain more power than cm he gciuritcd in a single 
cell two or inoTc nin bo coiiiioctid (oci flier to fonii what is known ns 
i bittern In inedicil practice wc iisiinlh desiri high MiltipC and low 
nnipcraco to obtain which, the cells inii«t bo connected m senes In 
this CISC the po itno pole of one cill is coimccfed with fht iUp,ati\c jwlo 
of the no^t coll and so on to the dcsircil immlier In this ^\a^ the am 
pongc remiins that of one cell, Imt flu ^olfnge is nuiltiphed by the number 
of cells connected Oee i«ionnll>, however, high amperage is desired 
ritlicr thin high \oltigi, thi cells an. thou connected in pirallel tint 
IS, all the positive poles are joined together to fonn one finniinl and all 
the lUp, itnes to form flu othtr 

Electrical Terms — The simph t defimtum of the various firms nut 
with III studviiig this subject should Ik, con tmflv kept lu mind Among 
them arc 

1 oU — The unit of pressure of electromotivo force generated h^ the 
' standard wet cell (Y ) 

Q]^„l — The amount of resistnnee ofFered to the pa age of a current 
tlvtowgU onejlious md feet of one-tcntli inch wpp^r_v\^o (R ) 

Ampere — The qiianfitv of cnirrnt which the force of one volt will 
vlnvc throuJi one ohm in ojtu second Since in medicine vve iisunllv deal 
with a-smsll qiinirtifroTolccfricitv, wc cominonlj use one onc-thousindth 
of tins 11110X1111 or the mil}iainperi_ (ma ) as. our stuulard 

Ohms Aflu — In nii eloctric circuit the strength of the current 
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the positive pole Certain compltT productions are broken up by an 
electroljtic process and when dissociated the newl> liberated ions also 
start a definite migration following the same principles 

New elements then formed have n modifying effect upon the tissue 
During their passage through the ti sues miny of these cUments ■ire 
suept awav in the blood and ]>npb channels through ■which thev at 
tempt to make their wa'v, and thns their elimination from the bod% is 
hastened Clinically the result of this process is sen'ccl bv the marked 
relie f from fatigue in ln^ given loeilitv after a few minutes application 
of the gaUanic current Pain is lessened bv the sedatnc effect of thi 
tPdJv movement of certain ions m the vicuutj of the scnsoij ner'c 
endings those attracted to the po itivc pole predominating in this effict 
The slight tin^jling or stinging sensations that are produced when the 
gahanio current is applied art imdouhtcdlv due to this fact There 
18 no doubt that tho sudden stirtm^ of such ionic movement through the 
motor nerve endings causes tlie preliminirv contraction, or twitch which 
the muscle ^^ives when the gilvanu circuit is closed or made The stcadv 
movement of these lous when the current is kojit it even strength does not 
lau 0 inj fiirthfr mu cle contnctim When however the strength of 
the current is suddmlj changed or the current is turned off there revults 
another muscle twitch Therclorc vve miv assume tint m order to 
produce a muscle contraction in the vi< initv of either pole it is neccssarv 
to bring about an abrupt stirting or stopping ot lomc movement If the 
current is reversed verv slovilv, uc obtain a response from tho sensotv 
nenc endings as the result of tho movcnicnl of tho ion fir t in one 
directum then in the other ^^htn however this reversal is abrupt the 
mnie luovcraent will result in a stimulation to the motor nerve emlingv 
and the muscle substance, which results m a contraction The more npid 
tho reversal of pnlaritv or the applieition and rcmvvil of the current 
bicomesbevond the number of fifty or opcrsceind which is phvsiologicd 
the less vigorous will be the muscle contnction rcapau'cs ^\hpn thc«e 
ehaupcs reach a frcqiienev of appronmitclv five hundred per secona 
no relaxation time is allowed and the muscle becomes tctanized ks 
We shall see in the study of hip.h frequenev currents when these chiugis 
arc increased to over fen thousand per second the ions remain practically 
stationary, there being inon time for apprccnble movement in either 
direction, and as we would cxjieet all motor respon cs on the part of the 
muscle cea«e from that point on 

As might be expected there la a difference in re pon e fa current 
variations at the two poles Vt the rej.ioii of tho positive pile or aiiwlc 
iiere is a decrease in irntalnhtv and a h nied confnetile n [mnsi 
while at the negative pale or cithode the imtabilitv is mere tsed and fh 
wntroction more marked The stimulation of the eeiitral nervous svs 
tcni miv be brought about by a removal of the fitigue prolucts in the 
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Xe^ative pole 

1 Produces vasodilatition 

2 Is both stimulntjng and imtiting 

> Softens ond redneos the amount of scar tissue 

Polanty Tests — Fill i gla<!> partialh full of ‘*ilt solution, a 1 or 2 
per cent solution is ordiinnh u ed on all galvanic electrodes is suffi 
dciitlj strong The galvanic maelime is then connected up, ivith the 
metal cord tips firmh fastened at the temiinils nn the machine Turn 
on a moderate amount of current aud allow the other tips of the two 
cords to drop into the 'oliition about i half inch apart A ery ®oon 
bubbles will bt «ecn on one of the metal tips This is the wgalne 
pole Another tt t is to app]\ the tord tips to moistened pink litmus 
paper, when a bint stain will appear at the negative pole It should 
be rruiembcrid that uifh sereral typci of wall plugs, the pohritj on 
the appiritus nu\ become reicisid, therefore, such a machine should 
be retc ted lor polaritv each time after it is connected up to the current 
\Miere central contiot plugs are used, or it is not necessin constantly to 
disconnect the machine, the tcmiinals into ubich the cord tips arc inserted 
mav be permaueiith marked as the polarity uill not change 

Tho resistance of the human drv skm is about five thousand ohms, 
we moisten the skin with saline in order to reduce this resistance as much 
as possible 

Therapeutic Uses of Galvanic Coirent — In therapeutic practice the 
e ilvanjc turreiit mar bo employed to 

1 Introduce drugs into the tissues — so-callcd medical ionisation 

2 Hi lit VO local or general fatigue bv removing waste products throuijh 
the rearrangement and redistribution of ions already in the tissues 

3 Dc troy tissue throUoh the formation and concentration of caustic 
elements it the point of entrance or exit of the current — surgical loniza 
tion 

4 Alltriafe pain through sedative effect upon «ensorj nerve ending* 

5 Produce muscular contraction when u cd in its interrupted, wave 
or «inu-OKlal form 

G Stimulate the central nervous system 

7 Ecduce the size of hjpeitrophie and adventitious tissue withm 
certain definite limitations 

/ The subjects of medical and surgical ionization will be taken up and 
discussed under their separate headings The relief of loc d and generil 
fatigue is accomplished in this manner As «oon a« the galvanic current 
IS passed through the tissues, there is at once instituted a movement of 
eei* m of its elements or loos Those carry mg a positive charge move 
m the direction of the ncgitive pole, while those negatively charged seek 
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^lne^en degree of moisture while tlie\ still seem wet cnoUjjh to rcapph 
mthout soaking When the small disc electrodes are nscil Mitli a honphke 
metal rim thej are apt to become conca^t in«l the patient rteeiic a con 
centration of current from the rim rather thiii from the whole electrode 
The> must bo kept flat by cotton or i suitable covering of gauze 
\\bere gauze is used as the covering not less than twelve to fifteen lajers 
houM be applied In the application of electrodes to patients it is 
advisable to have plentv of absorbent cotton at hand This maj be cut 
into sizes slightly larger than the electrodes, well soaked m saline ind 
then pliccd on the skin with the electrodes over them These pietcs ot 
cotton may be discarded after each treatment thus obv lating the ntcessitv 
of sterilizing the electrodes themselves 

The Patient — If the patient is appearing for the first treatment it is 
well to evphni to him, hriefla sometluiij, of the nature of the tri.atmcnt 
and the sensation he will experience It is quite usual to find that patient* 
St first fear ' electric shock, and will not properly relax unle s racntalh 
prepared and made comfortable On the treatment table the part to k 
treated must bo well supported and ibe patient should bo able to relax 
perfectly Blankets, rubber slicelmg or bath towels should he provided 
to keep the patient avarm and his clothing dr> Next the «kin covering 
the areas where both the actnc and indifTercnt electrodes are to be 
applied should ho carefully eximmcd All CMdcnec of ointments oils 
hniincnts or other applications when found should be removed bv 
Slap and water or alcohol ^omc of the e sub tancos arc apt to fncih 
tato skin burns and all oiH media arc poor conductors of chctncitv 
If on} abrasions are found (her should be covered with diy gauze ind 
adhesive plaster The electrodes of proper size and shape hiving been 
selected and thorou^hlv soaked m a 1 or 2 per Cent sdine solntim thev 
are ready to bo applied The pads of absorbent cotton are sOikevl in the 
same solution the excess of moisture gentiv squeezed out uid placcil 
evenly on the skin The electrodes arc applied over them the appropriate 
cord tip 11 sorted and the whole hound anugl} on with clastic webbing 
except in such positions ns the back of the shouhUr where the patient mav 
conveniently lean against the electrode thus holding it in place V 
hath towel may be bound on or hchl bv the pitient to keep the electrode 
in pla<.e In an} event a perfect contact must he made to prevent bum 
rervfbmg is now ready for the treatment Tlie current slioul 1 be turneil 
®'id the operator should watch the patient as well ns the meter 
on a stinging sensation is felt bv the patient it is well to wait a few 
minutes before raising the current to maximum 'Whenever this sensation 
is excessive and the current strength is not too great ni proportion to the 
*ite of the smaller electrode the current should K, turned off slowlv 
l”\>^l P®'><^nts skin examined for possible abrasions winch were over- 
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8 uue m inner llic impnnenunt m tin, circulition ^^hlch jt i» 

poi^jliio for ns t€» okiiiu tjocs mt flceount for the sura to{«I effect of 
ition wo ore «h!e to prociire lor Hi«tauce, m giUamsm of the 
hnuii there inuKt U, m 'nhlitronj a diMinct incmi<»c Jii tbo metabohsm 
of the unliTidna} jicnrojjs of the confril Jienona sjstcin 

Theatsievt 

Technic — Ml tin switehca on the tt|i|HnitHs ihoiihl bo tvirncil off, 
the wjill plij^ iij'!prt{ if uhI Urt. njichwo ex wjjmi} ti> »cc tbit all conwrctioiis 
art tipUt i he tonN '•bonhl iiovl Ik. att lebcel to their toniiiii'ils niul <houU 
conslanth bo wistchcd to «ec tint th^^ arc in f,oo<l condition Tbo 
freiiucut ‘50 iking «if the enila of the conU for |«>1 inf i f i sting ami trutiiicnt 
ii apt to rii^t i\tii the best jnaiirtal of which tliiir iiiif il center is mule 
\ break in tin wire js not imiiilK iiaihle tlimnr.Ji the eoienu- bnf, 
jf prcsuit, will interfere ab>^hittl3 with the ^ntipss of llic tnatment 
The polt^r^t^ -•hoiikl thin l>c tesfoil l>\ tilhir of the mcthoiU aboic given 
nml the tonla miikul -lo that (lie^ will not Utonic confn«ctf 

Slectrodes — I lectiodes of the proper si2c mil jnatcrnl gbonlcl be at 
hmd steriiirul if po nble In ftlecting the proper electrodes to lo tiscd 
the following points should W kept m miml 

1 The nidifftrcnt chetrodo ahonld lie, ronglilv, donhlc flic atos of 
the ictiie clottrodc mid il innv be plaeeil in niiy comcnient position, 
iisinlh 0 short distniict ceturilK nml opposite to tbo latter 

2 Tlie sire of the leti^o ehcfrwlo dejiends «iion tlic arct wlneh )t 
18 dcsircil to troit, and it is placed in the closest possible proximitj to Uint 
area 

y 1 The strength of the current desired must also lie consulcrcd in 
s^etcrmminp the size of the flctuc elccttwle, bocaiise it is not fife or 
comfortable to use more tjnn !•/, milliampcres of current per sijiinrc 
inch of thi 8 active (smaller) electrode 

i The shape of the electrode is also determined by tbo area to 
bo treited For mstante, in a treatment oxer tbo sciatic nerve an 
electrode verv long mil narrow should bo selected 

JIosl of these eloetrodcs arc constmeted with a metal screen hick, to 
■which the cord tip insert is solderetl and to the face of which felt or other 
foft covcriiv >3 uttnchctl Tins metal screen hick mnj rust and breik, 
with the result that nii undue concentration of current is applied to the 
piticnf, if the size of the f{ It has been taken as tbo gage for defcroJining 
the iiToper current strength Alany of these henx^j felt coverings take n 
eonsiderablo time to soak thiough and properly transmit the current 
Thc\ should never be placed on end to diy, na gravitv will produce an 
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uneven de^^rte of moislun. v\bile still *110111 wet cnon^li to reapph 
i\ itlioiit soaking hen the sm ill disc electrodes are used w ith a booplike 

metal rim they are apt to become concave and the patient receivt. a con 
ecntration of current from the rim rather than from the whole electrode 
Thej must be kept flat bj cotton or a suitable covering of gauze 
11 here gauze is Used as the covering not loss than twelve to fifteen lajcrs 
should be applied In the application ot electrodes to pvtieiits it is 
adrisvble to have plenty of absorbent cotton at hind This mav be cut 
into sizes slightly larger thnn the electrodes well soaked in saline and 
theu placed on the skin with the electrodes over (hem llii e pieces rf 
cotton may be discarded after each treatment thus obviating the nccc sitv 
of sterilizing the electrodes themselves 

The Patient — If the patient is appearing for the first treatment, it is 
veil to evplam to him brieflv srincthing of the nature of the treatment 
and the sensation he will experience It is quite usual to find th it patients 
at first fear ‘ electric shock and will not propcrlv nhx unless mentallv 
prepared and made comfortable On the treatment table the pirt to bo 
treated must be well supported and the piticnt «houltl be able to rchx 
pcrfoetly Blankets rubber sbcctiog or bath towels should be provided 
to keep the patient warm and his clothing drv Next the skin tovcring 
the areas where both the active and indifferent clectroilcs are to bi 
applied should bo carefullv examined All evidence of ointments oiU 
liDimints or other applicatiom when found should be removed liv 
soap and water, or alcohol Some of these iibatances are apt to ficili 
tale skin burns and all oily medii arc poor conductors of clcctricitv 
If any abrasions are found thev sheuild be covcreel with dry gauze and 
adhc ive piaster The electrodes of proper size and shape having been 
selected and thoroughly soaked m a 1 or 2 per cent saline solution thev 
are ready to be applied The pads of absorbent cotton are soakoil in the 
same solution the exccs« of moisture gently squeezed out and placeil 
evenly on the skin The electnxlts arc ipplitd over them the appropriate 
cord tip inserted and the whole hound siiuglv 011 with clastic webbing 
except in such positions as thcbick of the shoiiMir where the pitient mav 
wnvenientlj Kan against the electrode flins holding it m place A 
alh towel may be bound on or held bv the piticnt to keep the electrode 
m place In any event « perfect contact must lx, made to prevent biimi 
xenthing IS now ready for the treatment The current should be turned 
^soujy and the operator «hou1d watch the patient as well ns the meter 
a stinging sensation is felt by the patient it is well to wait a few 
ffiinutcs before raising the current to maximum Whenever this sensation 
s'^d the current strength is not too great in proportion to the 
sad 111 *™3ller electrode the current should be turned off lowly 
lofkoil*^ kiu examined for possible abrisions winch were over- 
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If the treatment is to eontiirae for longer tiian twenty minutes, unless 
a good thick cotton pad has been added, the electrodes should be re- 
moistencd to present excossuc skin irritation This irritation is caused 
bj a concontr ition of salts it the applied poles These do no harm if kept 
m proper solution sufficient moisture of the electrodes On the other 
hand, if the electrodes hc«»ine dry, a severe irritation of the skin may 
result which ra-iv prevent further treatment for several da>s At the end 
of the time prescribed the current is turned slowly, gradnallj and com 
pletelv off The electrodes arc then removed and tho patient’s skin cz 
‘limned, dried and dusted with talcum powder There should be no more 
than 1 slight redness of the skin under tho electrodes and a slight, com 
fortablo fteliHo of w irmth in the parts treated Electric burns art 
Uhiiallj tho result of metal touching the skin during tho treatment Thej 
arc c^t^eIne]J hard to heal and are ineTCUsablc ^Vhen thej do occur 
thej should be treated as anv other bum 

Precautions — 1 Patients should receive little, if an>, sensation from 
tho treatment A slight tingling is all that is permissible The meter 
reading alone cannot be depended upon Occasionallv, during the treat 
raent, tho nitter reading will increase This may bo duo to tho fact that 
certain ions are being introduced which tend gradually to reduce the 
resistance of the skm and subcutaneons tissue to the passage of the current 
Jforo often tho meter needle will gradually return toward sero This 
occurs when the skm is becoming dr> or when certain ions, such as the 
metals, arc being lutroducid which form insoluble elements with the 
ions alrcadv in tho tissues 

2 As stated before, watch cartful)^ for abrasions and, if found, 
properly cover them 

3 In treatments about the head, especially in galv anism of the brain, 
it is very necessarv to have a current of absolute steadiness That derived 
from batteries or through water resistance la more safe than current taken 
from the mam Tho current must bo turned on very slowly, never in 
largo amounts, and the patient watched constantly for signs of distress 
or vertigo Turning off the current at the end of the treatment must be 
done w ith eqii il care 

4 In treating with the labile, or movable, electrode, it is better not 
to lift tho electrode fiom the skin but to stroke firmlv and rhythmically 
Removing the electrode from the skin clianges the treatment from that of 
constant to that of interrupted galvanism with quite different results 

5 Be particularly careful not to allow any metal to come m contact 
with the patient’s skm Watch, cspLCialh, in this regard patients who 
are restless or who move tho part under treatment jn any way 

6 Anesthetic areas, such as those covered b> scar tissue and other 
skm areas just distal to scars, mnst be treated with extreme care Iveep 
in mind the unreliability of the meter reading The important point is 
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that dryness of the electrode causes great skin resistance and the concen 
tntion of caustic elements, Tchilc there is a retrOj^ressiou of the needle 
There is also nn increase in the unpleasant «kin sensations which the 
pitient experiences In. the anesthetic condition we aro considering he 
Joes not rcctiie this “cnsatorj warning and therefore wo must be douhh 
cautious It IS well to use k s current and shorten the time of the treat 
ment even to the point of getting less effect per treatment 

7 If any adjustments of electrodes or of the patient a body are re- 
quirrd, tbe current must be turned slowly and eomplctcly off before 
thej arc made 

8 Erathema other than a slight reddenm^ or increased cnsitnitj 
of tho patient t> kin after trcatnniit rcijums that these conditions sub ide 
l-cfore further resumption of tieatrocnt 

The Galvamc Bath — The ^ahmic lath both local inj p,cneral, is 
bccfimiug Avidelj used It has several advantages oier the ipplicntion of 
the current by means of the ordmarv detti ■kIcs In tho first place every 
square incli of skin inimcrbed in tb witer becomes electrode surface 
hence relatively larger amounts ol current may be applied with a mini 
mum of disagreeable sensation *'*«onJl\ perfect contact ta of course 
a sured and we do not luve to watch for contact of metal to tho skin or 
spend uniiceessarv time properlj to adjust the ordinan tj p's of electrode 
Local Treatments — Thee niav l>c „ivfu in anv container made of 
non-conducting material such us pored iin or earthenware Such con 
tamers arc manufactured of siiitahk sue and shajie to accommodate a 
single extremity On the iiisiUe of the contiiner is placed a plate of 
carbon or metal which extends down into the w itcr ami conducts the 
current from the cord to the fluid An ordiuirv pangc electrode miy 
K placed over tht edge or on the bottom of the contuiicr if this built 
m place electrode is not provided The ludiffcreut electrode may bo 
another similar container or of the ordinary felt tvpe and applied over 
the lower bick or behind the Lonider To follow the* principles already 
outlined, It would have to be a fairly larpte pad to espial or exceed in area 
the square inches of «km surface immer cd 

Schnee Bath — This is a well coustruLted erics of four cont liners for 
each of tho extremitic two threx* or four of which may be connected up 
at tho same tune The tcmpcratiire should lie ‘19 to 100 F and kept is 
nearly as possible const int There h uld never U anv change made in 
the volume of water after the taiTreny has been tuincKl on as surb ebauge 
result m sensations alarming to the patient It is necessarj care- 
^lly to protect the clothiii„ from liecomins wet duniig the treitmcnt 
ifurcatcd cords niaj K u cal wi that the po itivc and negitivc pole may 
each apjbocl fo two containers at once As in the other types of treat 
®‘’nt tho curniit is tiirncl slowly on and off, and tlie same slight tingling 
IS a good guide to the amount of current to be used 
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General Galvanic Bath — In general body treatments, there should be 
sufficient ^vater in the tub to cover the bod^ to the shoulders, and no 
change made lu its volume once the treatment has been started Ocea 
sionally, the sinusoidal or faradic, with or instead of the galvanic, may 
be given by the same technic for general tonic effect Before the patient 
enters the bath, thi, temperature of the water should bo tested bv the 
attendant introducing liis hand or elbow into it The desired quantity 
of current may also be tested m tins way, after which it is turned com 
plctcly off and the patient plaewl in the bath A depressing or fatiguing 
effect follows ton prolonged or too strong treatment and, on siiceccdinp 
days, accordin^h, it should be modified The patient should never bo 
lott alone during tlio body bath tieatmciit, as he is very helpless and, 
should anv connection be loose or any change in the current flow occur, 
he may become frightened and the treatment end disastrously Frequent 
inspection should bo made of the apparatus and of its connections 

General Galvanization — In certain cases where the galvanic bath is 
impractic\l for any reason, a general treatment mav be given by means 
of an espccnllr constnicted chair, which is usually of the reclining type, 
constnictcd with mttal electrodes on the bach, scat and arms These 
plates are provided with fixtures to hold the tips of the cord from the 
ipparatns This chair ts arranged «o that one or more parts of the 
Ixidv may be treated at one tunc, though it is generally used for 
entire body treatments The electrodes may be prepared as already de- 
scribed 'When these treatments are given for sedative or mild tome 
effect, tho current should never be strong enough to produce more than 
slight tingling To produce the greatest results m therapeutics, the 
galvanic current must be administered witli carefully selected and m 
dividual technic It cannot be employed with best results m large climes 
requiring hastily administered treatments to large numbers of cases 


rOJflZATIOK 

Definition — Ionization, ionic medication or cataphoresis is the intro- 
duction from without, nr the internal rearrangement or concentration 
within, the tissues of the ions of various chemical elements, by means 
of the selective polar action of the constant galvanic current 

History — Several physicists lad su^sted the possibility of atihziog 
this property of the galvanic current dunng the last years of the nine- 
teenth century Xeduc, of Nantes, m 1900, was the first to utilize loniza 
tion m the treatment of di«ea«ie Since that time there has been a rapid 
increase m its employment in therapeutics W J Turrell, of England 
has done very valuable work in clarifying and systematizing the physical 
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and chemical pnnciples related to thw subject, and G Betton '\Ias«c\, 
of Philadelphia has made manv rahiable cnntrilMitions to the literature 

Chemistry — Certain acids bases and silts in solution arc broken up 
b% the pissige of in electrical enwent tbrough them, into itonis '\\hieh 
take on different electrical charges These are termed ions Ibe e ions 
or wanderers are more or less un table and enter easily into new chcmicil 
combinations The term ion was fir t given to the electrified atom bj 
Faraday Leduc illustrates the action of the constant current in dis 
sociating chemical bodies and their sub eqiicnt polar migration by com 
paring, the process to a dance The pirtial association of the positive 
and ncgatiN e ions is representcil b\ the partners on the ballroom floor The 
action of the passage of the current m separating and putting them in 
motion according to their cleetneal affinity is complied bj Lira to the 
cessation of the music and the issembling of the Isdics at one end of the 
room and the men at the other 

Cations are ions contuning n positiv< charge introduced at the 
po itive jiole or origin iting in the p ifhway of the current, and traveling 
toward the negative pole Thev include metaU and hjdrogcn 

Anions are those ions bearing a negative charge which move toward 
the positive pole and include cblorm common bases and the hjdroxvl 
group 

Turrcll emphasizes a point overlooked bj many other writers on this 
subject, namely that the chemical action at and immediately below 
electrodes is cloctrolytie in nature and is not the same as that which occurs 
m the intcrpolar pathway The dis ociated molocules in the ionic stale do 
not exhibit their former chemical affinitv which is temporarily rcplaceil lia 
the electrical charge When fhev reach the immediate vicinity of the pole 
toward which thca are attricted thev lose their electrical charge and 
again become chemically active as lipforr Thevelocita of movement which 
the various ions exhibit differs wideJv bvdrogen being bv far the moat 
rapid Many of the effects we produce arc due to the extremely rapid 
migration of the hydrogen and bxdroxvl ion« The less fhe alom\e neighl 
the faster uill (he tons frair? 

McGill quotes three expenmenU illustrating the importance of the e 
polar effects 

1 Fill a glass tube with absorbent cotton sooked in saline At one 
end m ert n mall plug of cotton moistened with potassium lodid In the 
other end place a similar plug wet with starch viliition Attach the 
cathode to the pota«sium lodid end and the anode to the starch end and 
turn on the current The potassium loilid will be dissociated into its 
elements potassium and lodin and the lodm will be driven toward the 
anode where the starch will turn blue Heveree the polantv and no such 
effect occurs 
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2 Pnint t^\o arcis on a limb with tincture of lodm Plicei moist 

oned electrode over eieli area and turn on Uic current The brown stain 
w ill dis iiipear under tiio cathode but not under the anode 

3 ‘^oik two elcctrodoa in a solution of cocim liydrochlorid, apply 
to the skin and turn on tJic current The skin oxer the ano<h uiJJ Iwomc 
anesthetic, that under the cathode will bo imafToctcd, showing that it is 
not smiiilo abaorption of tlie drug but selective polar action which Las 
occurnxl 

The belief that drugs tro carried into living tissue is further proven 
by tbo appearance in the urine and saliva and bv the deaths of nnunals 
with the use of the alkaloids 

A\ J lurrcll in pt.rforming tho starch and lodin expenmeut with a 
she,hth different tedimc call nttciiHou to the fict tint lodin ions ore 
parsed through a considerable quantity of st uch, staining only that 
directly under tlio positive pole Chatsky’s experiment lends to prove 
Turrclls contention A more complicated cxpcrimi-iit, wlicrc strychnin 
sulphate was pi««cd throUc.h the bodies of two rabbits, placed m cnxmt, 
further dcmonstritos this fict Ihc strvchnni ion was not chemically 
ictivo while passing tliroiigh Iho fii t rahhit, but only when reaching 
tiio oppoaite polo in tho bodv of the second rabbit did it lo o its charge, 
becomo chemically active and cause the death of the animal An attempt 
to pibS the ailicyl ion thiough a Itg. ibout to be amputated al«o failed to 
demojistrito tho prt«cncc of the drug »ii the deeper tissues Sevenl 
American workers including jraoscy, «till hoheve that there is some ionic 
effect in tho dtopor tissues md they have obtained cluneal results which 
It IS hard to explain on aiiv other basis As many of the ti«aues wo 
desire to affect are comparatively suptrficnl and tbo condition of these 
tissues has been repeafeiHv improved by ionization, arc may assiiine that ivc 
liave a procedure of real clinical value 

Turiell protests against the term ionization being employed to designate 
any given tieatment, in the «ense in which this term has commonly been 
used, stating that ionization is tho dissociation of molecules m solution 
without tho application of nnv external force Although the point is well 
taken, the common nsc of this term to desagnate a method of treatment la 
followed rather than lo introduce a confusion of terms 

Technic — The number of drug ions driven into the tissues will be 
propoitionate to 

1 The current density 

2 The duration of the treitment 

3 And inversely as the atomic weight of the ion used 

Tlip tune factor is of the utmost importance It recpmcs from 30 to 
CO minutes of the applic ition ot a current of moderate strength to com 
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plftc a good lonizition treatment Moreover, it lias been demonstrated 
that the best results are obtained by the u e of weat olutions of drucs 
tlio e of 1 or 2 per cent being prcferrwl 

Advantages of Ionization — 1 Ihe desirci! clement of the drug is 
ilriren directly into the affictcd tissues lustcid of being scattered through 
the system in the circulation where but n small proportion of it cm 
exert its action on the affected area 

2 The least desirable effect such as those of the alicsl group upon 
the gastro-intestinal tract arc \voide«l 

3 Drugs such ns coeain mij be applied without introducing the 
needle into the shin 

Disadvantages of Ionization — 1 The gtciti t immint of ionizing 
effect takes pi ice in the skin and subcut inc<»u> tis ue 

2 The dnij,8 winch have as set Imn succcvsfull} used arc fcir in 
iiumher 

Treatments — Under the colAorfe or7if<j<ilnt pole weapph ehlonn in 
the form of sodium chlond lodin from sodium or potassium lodid and 
salicjl from sodium silic'lafe t oder the anode or positite weuc 
einc from zinc sulphite nugncsuim from nugncsnim sulphite lithium 
from lithium chlond eihtr from silver nitrate copper from copper sul 
phate and inorpliin cocam and (piiiiiu 

The directions and ciiitioiis given id the care and ii e of apparatus 
as outlined in tho chapter on ( ahaiiism aro to 1>o carefully earned out 
The electrodes are selected and placed as for use in striight gihuiic 
current 

Typical Treatment — Lot us use, for an example the ionization of the 
snatic nerve for nturitis 

k Img narrow actiic electrode which will extend from the sintie 
notch to the popliteal space is selected V long, broad ilectrodc applnd 
to the front of the liip and thigh will sene as the indifferent electrode 
They are both soiked in warm «ilt solution k sufiicient niiuititv of 
2 per cent sodiuin sahcjlaft is wanrid to about 100® I A laaer of 
ah orbent cotton large cnoUr,h to extend bexoud the aefne electrode m 
each dirt'ction, is immersed in llie warm alt solution and the excess of 
saline pmly squeeze 1 out The sediiim alicvIiU la then poured mcr this 
vottui iin 1 applied direetlj ovcrthccoiiri of the ciatienene The active 
electrode is then placeel oxer this anel coimeetel to the ncgitne iwh 
V't the tnaehino 1 itli tieefroeles are sniipU k«mnd on and the current 
slowlj applied We ordinariK it c 8 to 10 nuHiimjxre for about fortx 
ininiitcs The current is then blowlx turned off the ehetrodes arc it*- 
niOTcd and the km is dried and jmwdend 

Sitfgic al Io nization — Ih this term is meant tho it " of tie poHritv 
‘ff«t of tlie p,dirahie' current to concentntc at a «mall localizcil point 
vertain ions which actually de trox ti sue This d( tnictive effect is 
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pf-’ a pyd nEizati'n trt?a mrtit 3 fo"«»TW, it ha- deni‘':i.-tra*^e'i 
tis 1: '' re^It are fttiis-nl bv tL^ c-e ireai Intwc oi in-^ 
ti of 1 0" 2 pe- cinS f^iaz prefe*Twl 

AdTOitages of Ionization. — 1 The <io>- ret! elemen o tt<‘ drn^ i 
<Invca tlirwtl^ into tte affected ti-'n-** in pi .1 f 's^a^ered th-r 1.2L 
ti" c- em JQ lie cire^I_ti n where In a null prep'irti >a o* can 
erert it> acti >q on the affec*ed area. 

- Tie I'a,t le^iraile effv* nali a tfcw jf th" iltevl -^np cpon 
t.." ~u-*TO-i2te«nnal tract are aroi 'ed 

3 Drnr< soch a cocaic eu'c b** applied wi hjft intredrcinir tie 
ceoile intJ tie Iin. 

IhsadTantaires of Ionization. — 1 Tie zrea e an.mnt imiz nn 

effect taie« place m til. iinanf iilcntat-n 3 tt 

2 Tie drntrs which feare a ve f*^n xcre^ ^ullc n-e*! an. tew m 
Ecaher 

Treate«n*s. — Under th"«tMy/e >r » e a pwie weapoVchl nj ir 
tl* f nn of 'oJiTna chlmd ■ dm fp m '•dinsi >r p tia i>iil. *nd 
al evl £r m 'odiuin vilicrlate I oder the xr t,r pj<j/ir< / we Cae 
aac freia zinc salpLate cajsne»inn trea. ma^'-insi tilpha e Iithiozn 
iMn lithtnm chlind Urer treci ilrer nitra «. copper Iros eoppe- ul- 
phateanlia rphin c».'aiaand«,nLDin. 

The directnos ani eantion- ffiren id tne eare and ol appirarc. 
43 ontlmed m tie chapter m Calrani in are t> be carefrllv earned mt 
'Tie el^rode^ are «<!*>cfpd and pUinl a. f)r o^e in raistt galraai 
rnrrent. 

Typical Treateeot. — l>t r o-** tjr an ezaap i the fouation 0 ^ tie 
nerte for ct-rnti 

V 1 "Z namiw active elec n le whufc will extend fnita the •n.iat 
Ov ch to the popli eal 'poce 13 tWied. A l>nn bn’sid electxvide applied 
to the front of the hip and ihizh wdl -erve a tie icditferenr 
Tier are b th X aknl in warm alt x inn s V nmt en qnaa itv ' 
2 percent «rxliaia alleviate 1 wam.’d t abnt 1'*'' F V lave- 
aWirlTst cot*on lanro eaoi»_h t> extend bevond lie a ive cIec*Tod“ in 
raei dirr-'i'n i lumerH’d in the warm al xjlunin and lie ex«-»s t 
alic-.p.QtJvaqtieezed otit The xidmai al cvlate i tL o poured vpr tfct 
c Pia an 1 applictl dircctlr over fh 1 ur-c if the x.ta ic nerve Tbeaetive 
etnxle i« then placed >ver thi aal •« rcciteif t> the ceirative p !c 
f ti.» maciine Loth c’ectn fe^ are nrzlv I nn 1 a an i th^ enrren 
>wlv applied We ord nanlv v* '' t> tatUumpere-. fj- _b u f •'v 
lEinc £x The enrrect i< thin I wU inr"e«l off the eie<. n>i'=~- are re- 
i^'‘'Ved and the lin 1 iln 1 and piwdered 

Sarjical Ionization. — Ev tbi tenn 1 ci«»*nt th'=* the p ’antv 

of tir j^lvdi. ^’ current tJ o ncentra t at a 'tnal’ h'lcalired p m 
t^’laia tins which actnaltv de^ rev n ue Tit de^ ro tive effo- 1 
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ii I'litiit tuo (iK/iN on n limJj uidi tiiKtiirn (if i(nl(ti JMhk h jiiouil. 
<<lo( tioilo (ivni iikIi lUdi iiikI tiiin (in llin (iukiiI ’Ijm lnuwii xliiiii 
will ilitiii[)]ii at 1111(1(1 tlio uitlmdo Iiiit nol nndi i flia aiiodi 

1 hriak two al((ti(Hli« in ii fiiiliitioii of (cKaiu Ii^diiHlilorid, iijijily 
(0 Ilia iduii and tin a on tiio (iiiMiit 'llu akin ou i (lia aaoda wdl Ikkiiik' 
aiKKtlatu, time iiiidiif tlio intlioilo will Ihi tiiiairi i Ii d, idiowia^' tliat it U 
not Niiii{d<' aliHoipfiott of (lio lint mfdtivu ]ioIai aiiioa wlddi Iai« 
mdiirui 

J lia Ik liof (liaf diut^K nio inrriod info Itvjiif, tiHHiio m fat tin r {iniMii 
liy tlia a)ip( atniKi in tlni niiiiii iiml aiilivii nnd Iiy llio diiitlai of naiainM 
witli tin na( of Ilia alludonlH 

W I I III i< II in {II ironiuiift flic atari It and lodiii i xpi nitii iit witli a 
kIi^^IiIIv difliKitf t(<</ini( (iilla iiffdiftnii (o fla fm t flint lodni i'uih nn 
piiHHid flii(iii;^li a loimiiliiiiiiln (iniinfit^ of alaiili, hIiiiiiiii/, only flmt 
diiaitly 1111(1(1 till' p'iNittvi* |«i]( ('liiifHky’a ( tjH rum nt iiiidit fa prnvi 
liiriallH ((intdition A mom i(ini|ili(iil(il t xp( iiim til, wlnrn atiyilmm 
Hiilpliatii piiMNid tliKiiifli tlio IhkIkh of two riddiil>i, pliiud in (iniiit) 
liiiflat (l( iiKiiiHiiari •( iliiK fait Ifio Htivduiin laii wan lint (laiiiliiOlv 
iiihvii wliila piiMHin^' tliioii;,li tlio flint iitldnl, Iml (^tily Wliiii iiiiiliini, 
ffiii (ippiinili polo III ifio fniif^ of ffio KKoiid tafdaf did it fom ifn <IiDr|«(t 
liKoiiio (la mniilh ii(fiv« iimldiim flio ildiili of lla aiiiiiial An iitfiinpf 
III piinn till nali(>l loii tliioii^li a lif; iiUnil (o Ixi iinijiiilatnl idno fililid tn 
ill iiioiiHiiiito till prinitxi of tlio driif; ni llin ilupir tinmnn Sivaiitl 
Aiiioin Mil wotki iH ini [ndiiif, Mimnoy, niill In Ik mi llaiL tin n m noimi i'»»' 
(fl((t III Ilia ili'pi 1 flnnuiH mikI flia> Iiiim oltfaiiKil (ItiiKiiI iiitiilfH wlinli 
It IN iinid to axpliiui on niiy ollni ImnKi An many of tim (inhikn Wi 
diNiio til atidt Ilia (oinpariilivtfv nn|i(rfl(iid and tlin (oiiilifioii of 
tiNNiKN liiiH Ihi II K pi atidlv iiiipnndl i>v loiii/alion, w( nmy iiNNiinn flint wi 
liavo a inoMiliiio of tiai (IniKiiI valm 

1 tiiK II piotiNlN 11(^11 Hint tlio torn foin/atioii In itif, r mployail fo d<Ni^,iiiif' 
nay (.mn fii atnn at, in tin mimo in nliidi thin fiini Iiiin (oniiaoidy Ikiii 
iiNid, Nfaliii}. tlint loni/ation m flio dianoi tntioii of laolicnlin ni NiiIatKiii 
witlioiU tlio iipi’lK at Kill of any < xti iiiid foKi Altlioiij^li tlia ]ioiiit m ^Hl) 
faki II, tlin loinnion ima of iUih tirui fo d(ni|,H«(o « kk fliod (i[ tnat/m/d 
fidlawid iiitlnr llinii fo intiodiiK a lonfiinioii of lniriH 

Toolmlo — I Ini immUi of clnife mnn diivin info Uni tiMiitN will 
propiirtiinmto to 

J J lio ciiriaiit di iiNify 

0 'Ilia (lariition of tli< tii itfiin nt 

1 And uiv( rni I) iin liio ntotim w< iftkt of tin ion iihi iI 

flio turn fiiitoi IN of (lot iitiiioNt unporfiiiKi ft n ipiiKN fioni H) to 
(10 iiuiiiil"' of Urn ajijdfiatioii of n (iirnot of modiinfi Ntu ii^,(li to mm 
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plete a good ionization treatment Aloicover, it Las Leen demonstrated 
tliat tlie lost results art oLtamed Lv tLe use of wtal- solutions of dni^ 
those of 1 or 2 per cent Lting preferred 

Advantages of Ionization — 1 The desired tlcmont of the drug n 
driven directly into the affetted tissues instc'id of hi ing sc ittered through 
the sjstem in. the emulation whtre hnt a small proportion of it cm 
exert its action on the aSeettd arei 

2 Tho least desirable effects, sinh as thos^, of the salicsl group upon 
the gastro-intestinal trict arc avoided 

3 Drugs such as cotain, miv be applied without introducing tht 
medle into the shin 

Disadvantages of Ionization — 1 Tht greifist immint of lonirmg 
effect takes phee m the skin and suhcutimoiH tissue 

2 Thp drugs which have as vet lien siicccssfullv used are few in 
number 

Treatments — Undor tho caW»0'/< ornrgalne iicU we opph clilorm in 
the form of «iilium clilond lodin from sodnun or potossuim lodid, and 
salicyl from aodnim sihc'lafe Under the anode cr potitiie pole we use 
zinc from zinc sulphate magnesniin Irom magn'^sium sulphate lithium 
from litimim chlorid silver from silver nitrate copper from copper sul 
phate and morphiu coom and <iuinin 

Iho directions and eiutions given in the care and me of appTttus 
ns outliiiod in the chapter on Odv«ni»m arc to ho carefully carried out 
The electrodes ore selected and plac««l is for use in straight galvanic 
eiirrent 

Typical Treatment — Let us us for m e'viuiple the louizition of the 
'ciatic nerve foi iieiintia 

A long narrow, active clcctnxk which will extend from the »ciatu« 
notch to the popliteil space is selected Along broad eh strode applied 
to the front of the hip and thigh will serve as the indiffercut electrode 
Iliev iro both viihul in vvanu ajlt M«lution V auftcieiit cpnntitv of 
2 per coat sodium sdicjlaft is wanned to about lOO F laver of 
absorbent cotton large enough to extend hevoud the ictive clectrodt. in 
i ich direction, is immersed m tht vvamt «alt vilutioii and the excu^s of 
saline e,pntlT squeeze I out The vodiuni silicvl itt la then jiourcd over this 
cotton and applied dirctth over the eour c of tl« tiotic iiervi’ The attivo 
electrode is then pliceil ovtr this and connectctl to the negative po!n 
of tho inathinc Iloth deitroilcs ire nUr.lv Uuind on an! tht current 
filowlv apphfd p ortlinanlv u o ** to 10 millinmpercs for nlwiiit forty 
uiinufts The current is then slowlv turned off the chetrodta arc rt 
moved and the skin is dried and powdered 

Surgic al Ioniz ation — By this terra is meant the u " of the polantv 
‘ffect of-n,r?T? uui turrent to toncentrite at a «mi!l locilized jjoint 
certain ions which actiiilly destroy ti sue This destructive effect is 
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2 Pnmt two areas on a Ijmb with tincture of lodiu Place a moi t 
cned electrode over each nrei and turn on the current Ihc brown shin 
w ill dis ippcar under the cathode hat not under the anode 

3 Soak two electrodes m a solution of cocain hjdrochlorid, apply 
to the skin and turn on the carrent The skin over the mode will become 
anestlietic, that under the cathode will bo unaffected, showing that it 13 
not simple absorption oi the drug hut selective polar action which has 
Occurred 

Ibe belief thit dnigs are carried into living tissue is further proicn 
b\ the appearance m tbc urine and s'lhva and by the dciths of animals 
with the use of the alkaloids 

W J Turrell, in performing tho stirch and lodin experiment with a 
slightly different technic, calls attention to the fict tint 10 dm 10 ns arc 
passed through a coiisiderahlc quantity of staieh staining only that 
directly under the positive pole Chaisky's experunent tends to prove 
Turrell s contention A more complicated experiment, whore stryehnin 
sulphate wvs parsed tbroUch the bodies of two r-ibbits, placed in circviit 
further demonstrates this fict The stijchnin ion w is not chemically 
active while pas'^ing through the first rabbit, but only when renchin, 
the opposite polo ill tlio body of the sctond nbbit did it lose its charge, 
becomo chcmicallv active and cause the death of tbc animal An attempt 
to pi«9 the silic>l ion through a leg about to be amputitod also failed to 
demonstrate the presence of the drug in the deeper tissues Several 
American workers including "Masscy, still believe that there is some ionic 
effect 111 the deeper tissues and (he\ have obtained clinical results which 
It IS hard to exphin on miy other basis As many of the tissues vre 
desire to affect are comparatively superficial and the condition of these 
tissues has liecn repp itedly improved bv ionization, we may assume that we 
have a procedure of real clinical value 

Tun ell protests against the term loniz ition being cmplov ed to designate 
my given treatment, in the sense in which this term has uommonlv Ken 
used, stating that ionization is the dissociation of molecules m solution 
without the application of any external force Although the point is well 
taken, the common usc of this term to designate a method of treatment is 
followed n her thin to introduce a confusion of terms 

Technic — The number of drug lonx driven into the tissues will be 
proportionate to 

1 The current density 

2 The duration of the treatment 

3 And inversely as fbe atomit- weight of the ion uocd 

The time factor is of tlm utmost importniice It requires from 30 to 
GO minutes of the application of a current of moderate strength to com 



INTERRUPTED AND WAVE GALVANIC CURRENTS 295 


object of these devices is to secure a sharp cJear-cut male and breal in 
the flow of the current through tissues with the general object of induc- 
ing muscle contraction 

Physiological Effects — It was stated m our consideration of the 
galvanic current that it was the abrupt movement or cessation of move- 
ment, of ions through the muscle and its motor nerve endings that induced 
contraction As ordinarily used the sharp interruption produces nther 
a muscle twitch than normal contnction In normal muscle with its 
nerve supplv intact the contractile responses are most sharp at that 
point, usually situated near the center of the bcllv of the muscle termed 
the motor point The phenomenon of the reaction of degeneration will h< 
discus td under the licadin^, of Muscle None Testin,^ It may be hrieflv 
stated here that interrupted galvanism will produce contraction m m iscle 
tissue even when its motor nerve is completely severed and a considerable 
amount of degeneration has taken pluo m the muscle itself Such 
responses are no longer sharply localized at the motor point, but are 
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diffused throughout the muscle sluggish and wavehke in character and 
With the normal polantj respon cs reverstd The application of a 
luflicient amount of interrupted galvanism to induce an approvimately 
normal contraction would be sharp and unpleasant for the pstient there- 
fore for treatment purposes this type of current has been superseded by 
the ware or sinusoidal currents nett to be described W c obtain tin. 
muscular twitch wheneyer the current is abruptly started or stopped with 
use of either the negative or positive pole When the current is started 
made, or the circuit closed the contraction is greater than when it is 
opened, or broken As we would expect the negative polo or cathodo 
gives a more marked response therefore it is eommonlv stated that 
the cathodal closinir contraction js great* r th m anod vl closing contraction 
or IvCOACC in normal muscle It must ho remembered that occi 
sionally the Tibialis auticus and Supinator longua aro exceptions to this 
rule 


Wave GalvahiC Cubsbnts 

Sources and Apparatus — There are several types of apparatus on the 
market which so modify interruptions of the galvanic current that they 
bocomejcgular^nd wavcIAc instead of abrupt The term sinusoidal has 
at times hem incorrectly applied to this type of current A true wave 
current is one which ri«es from zero to maximum and returns to or 
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prevented in our ordinary medical ionization bv the size and moisture of 
the electrodes 

The active electrodes used in surgical ionization are of metal only, 
and usually in the form of needles The indifferent electrode used is the 
ordinary galvanic pad, which is placed a short distance from the part 
to he treated 

For strong bactericidal effect upon infected sinuses, carbuncles and 
boils, blunt needha or rods of zinc are sometimes used as the positive 
pole When so u<ied, a pearly white color appears on the surface of the 
infected tissue and the bacteria count is greatly leduced 

Steel needles should never be use<l, as they leave i black stain on the 
skin which 18 pricticallv indelible Platinum is the best needle material 
Beside single needles several may be used, inserted into one fixture 

Technic — The machine and different electrodes art prepared as for 
galvanism The needle or needles are then inserted into the mass to be 
treated "^hen the current is tunied on, a slight blanching of the skm is 
seen As a rule, only a very slight amount of current is necessary to 
secure this effect As soon as the blanching occurs, the needle should be 
withdrawn and inserted into a different part of the growth The positive 
pole has a tendency to Itarden the tissues and the needle is difficult to 
rimove Tht time of the treatment in this ca«e should be brief This 
effect 18 not seen with the u«e of the negative pole, which softens ti«8ue 
lapidlv and in a few seconds the needle can be easily withdrawn A 
tv pical example is the removal of superfluous bair The light should be «o 
plated as to shine directly on the hair follicles A. platinum needle is 
selected and connected to the negative pole It is then inserted gently, fol 
lowing carefully the direction of the hair root as far m as it will pass 
easily perhaps to the depth of one-eighth inch The current is then 
turned on and increased to 2 or 3 miiliamperes, while the needle is held 
steadily in place In n short time, a number of small bubbles will appear 
at the root ot the hair, then the current is turned off The hair should 
then be withdrawn with forcep®, without the use of any force Not more 
than ten to twelve hairs, or one small growth, should be removed at one 
sitting m order to avoid unnecessary irritation to the skm and the pos 
sibility of subsequent scarring A strong current should not be used as 
it 18 not any more efficient and may destroy more tissue than is intended 


INTERRUPTED AND WAVE GALVANIC CURRENTS 

Interrupted Gaxvamc Current 

Sources — ^Various devices have been perfected to interrupt the gal 
vanic current This may be done by means of a metronome, with the use 
of an interrupted handle electrode or by a key on the apparatus The 
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object of these deMces is to secure a sharp clear-cut make and break m 
the flow of the current through tissue^ mth the general object of induc- 
ing muscle contraction 

Physiological Effects — It was stated lu our consideration of the 
galvanic current that it was the abrupt movement, or cessation of move- 
ment, of ions through the muscle and its motor nerve endings that induced 
contraction As ordinarily used, the sharp interruption produces nther 
a muscle twitch than norm'll contraction In normal muscle with its 
nerve supply intact the contractile responses are most sharp at that 
point, usually situated nc'ir the center of the bcllj of the muscle termed 
the motor point The phenomenon of the reaction of degeneration will be 
discussed under the heading ol Miisclo Xerve Tesfin„ It may be briefiv 
stated here that iiitcmiptcd gahanibiu will produce contraction m muscle 
tissue even when its motor none js completely severed and a considerable 
amount of degeneration has taken place m the muscle itself Such 
responses are no longer sharply localized at the motor point but are 
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diffused throughout the muscle sJuggisIt and wavehko in character and 
With the normal polarity responses tcvcrscil The application of a 
But&cicnt amount of interrupted galvanism to induce an approximately 
normal contraction would be sharp and unpleasant for the patient there- 
fore, for treatment purposes this type of current has been superseded b\ 
the ware or sinusoidal airrents neit to be described obtain the 
muscular twitch whenever the current is abruptly started or stopped with 
use of cither the negative or positive pole hen the current is started 
made, or the circuit closed the contriction is greater than when it is 
opened or broken As we would expect the negiitive pole or cathodo 
gives a more marked response tliertfnrc it is commnnlv stated that 
the cathodal closinc contraitioii is greater th in modal closing contraction 
or XCOACC III normal muscle It must bo remembered that occa 
aionally the Tibiahs anticus and Supmator lougus are exceptions to this 
rule 


^^AVE Gamamo Cuhrexts 

Sources and Apparatus — There are several types of apparatus on the 
market winch eo modify interruptions of the galvanic current that they 
boeomejcgular and wavclikc instead of abrupt The term 8inii«oidal has 
at times boon incorrectly applied to this tvpc of current A true wave 
current is one which rises from »ro to ma-ximtim and returns to or 
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vicfttls to icTo tipc-it^ m ngiilnr Tl»>t\nTi i\io jK)hnt^ once fixed 
does not cliuigt tlifrtforc we are dcaluip with a eerier o{ ncgitiec or a 
HTio^ of iwsituc w uts Hii'H. w•l^cs of cwiriiit iin% Ik Mined m botli 
\oltnge and amjx'ricc to n fine degree b^ recent iinproMinruts ui ap 
j>iritn <5 llic'c 1 irntions are nttnned in tlie U«t t\}K of nnclunc* l>\ 
moms of cims on i ro\ohiwg drnn), winch male oonIsctK of snrMU^ 
f^cclmno^, duration niid intcnsit\, between winch there i 3 n period of com 
parstivelj no cnrnnt flow 
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Physiological PlTects — Iho nsnlt of apjdicition of this t>pc of pil 
nni'iin to pitiuit® is sieipU a comlmntion of tho o of Mr light and 
mfcrrnpted g ii\ im m The \v»lftnts effects of stnnglit giilMnii«m nro pre« 
ent hnt 1)0111,. iiitenmttriit and not eontmnmis an not n« gre it in tlicir 
total cffeits 11!) with eoiitimion enrrent On the other hind tiic inter 
imttint imncuunt of ions thrmicli the motor nene cndniirs products ft 
rhithmu il than£!Uig and fnirli guttamed stimnhtmn wlneh Icids to good 
mil etilir etmtnction It is a Ktter current for tri itmeiit pnrpo cs ihm 
iiiterruptid galMiuiMn but not as good for mn«ch testing The cm- ami 
npplieition of cleefrodes follow (he sinic pnenl prineii'Ies nlnidt out 
luicd This turttnt has prorctl of greit vxhie in the stunnlition of ftfomci 
but otborwi«c nonnal, inuMle ti« we «Mch as nlaxtd alHloiiunnl wall, and 
inai lx substituted within its limitations for sinusoidal or interrupted 
gilv mi«m 


SINUSOIDAL OURRENTS 

Definition — \ true < 5 iini<toidnl current is one wbicli alteimitis m I’cr 
froth rtgul ir oppo itc and equal oebs or plift'^c Ihe current «trcngtli 
n O'* from rtro to inixtimini on the positiio side and returns to n-co, 
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followed bi a similar ri o and fall on the nepiitne side, which may 1 '’^ 
plotted as a true eino curie 

Physics — An nltcrinting current is con<!Hctc<l nroiitid the primary 
wincmg This nltcrnntiii^ prlm1^^ ciirrcnt produces regular and c'cn 
nlteiuation m a "ccoudirj winding from which the patient is trcited 
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The secondary yrindsng reduces the voltage sufficiently for treatment pur 
po es and might thercfoie, be called a ‘step doivn’ transformer "With 
the A G current al«o a somewhat similar arrangement is necessary to 
dccrea e both the voltage and the frequency of the current alternations 
It 18 evident that a current alternating raptdlr enough for lighting pur 
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po es would he far too rapid to employ for the purpose of obtaining 
muscul ir contraction" 

Physiological Effects —The sinusoidal current is one of the latest 
developments m electrotherapeutics and one of the most valuable for the 
following reasons 

1 The gradual rise and fall in current strength sml the evenness of 
the wave so produced is easily borne bv the patient as compared to tho 
faradic and interrupted galvanic currents 


Fio 5 — t’»T18*VPTED SlVOSOlBAL 

2 It his been proved that there is increased reaction when the 
negitivc pole is u ed whore the pasitive Ins just been or vice ver a 
This contrast is obtained in eacli cycle of the sine current, and gives 
It a distinct advantage over any form of simple wave galvanic current 

0 

Fio 6 — !!lRGIVG bITUMIlDVL 

2 In a gnen time tliiri, is much Ic s danger of overstimulation 
yith this current than with the sharp and abrupt current of interrupted 
galvanism 

•I A rcil stimulation of the metabolism of muscle ti sue follows 
tho application of this current, even when a perceptible contraction is 
not produced 



There IS no break m the enrrent that is, no distinct rc"t period 
*nd, because of its smoothne«a, a much larger amperage mav lie used than 
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nearJ^ to zero and repeats m regiihr riivtliw llie polaritj once fixed 
docs uot change, therefore we are dealing with a senes of negative or a 
®.eries of positive waves TJioso lyaves of cinrtiit wa) he varied m both 
voltage and amperage to a fine degree bj recent improvements m ap- 
pvritns These v trutiona are attained in the beat tjpc of machines l>y 
means of cams on v revolving drum, which mahe contacts of varying 
frequency, duration and intcnsitv, between which then, is a period of com 
paratirely no current flow 
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Physiological Effects — Ihe result of npphcvtion of this tvpe of gal 
vanism to patients is simplv n combination of those of straight and 
interrupted gaiv inisni The polarity effects of straight gvlviin m arc pres 
cut but, being intermittent and not continuous art not as grcit in their 
total effects vs with continuous current On the other bind, the inter 
mittent movement of ions through the motor none endings produces a 
rhvthmical changing and fairly sustained stimulation which Icvds to good 
mu cular contnction It is a better current for treatment purposes than 
interrupted galvanism hut not as good for mu clc testing The caro and 
application of electrodes follow the same general principles alrcadv out 
lined This current has proved of great value m the stimulation of atonic, 
hut otherwise normal, mustlo tissue, such as relaxed abdominal wall, and 
may be substituted within its limitations for smusoidal or interrupted 
galvanism 


SINUSOIDAL CURRENTS 

Definition — A true sinii oulil current is one which altcnuitos m per 
fcctlj reguhr opposite viid oqnd cycles or phases The current strength 
rises from zero to maxiinum on the positive side and rcturna to zero, 
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followed by a similar ri>e and fall on the negative side, which may he 
plotted as a true sine curve 

Physics — An alternating current is conductcil around the primary 
windin This alternating primiry current produces regular and even 
alte nation m a secondary -winding from which the patient is treated 
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tionj m the healthy muscles, and by degrees, the frequency of the wive 
may he mere ised, until three contractions per second are gi\en During 
the entire cour«e of this treatment the mu cle mav pain fiom iinisible 
rcspcn'ie to a slight flicker of the tendon and, finally to a full deep 
contraction After good contractions have first been ilicited occisional 
tests should he made with the faradic current niid when the responsi 
nith the faradic is good, the case may be treated thereafter pntirelv by 
faradip rather than bv sinusoidal current From this regime pass on to 
active motion and occupational therapy 

The sinu oidal current is very useful as an aid in removing cirt,ulator\ 
stasis through the mechanical effect of muscular contraction, following 
other phvsiotherapeutic measuies, such as an application of heat which 
will aid in preventing the organintion of the evudate in a bruised 
muscle As a local substitute for \oluntary exercise it has many ad 
vantages It is being increasmgH employed m the stimulation of the 
finer intrinsic muscles in some of the organs of special sense The 
gsatro-mteatmal tract may be both directly and indirecth stimulated by its 
use One of the very last of the electrical currents to be perfected 
St offers possibilities in the field of therapeutics that have as jet been but 
partly explored and it is expected that the indications for its use will 
^erj rapidlj widen in the near future 


FARADI8M 

Definition — The faradic current is an induced alternating current 
derived from a so-called induction coil 

Kutory—This 18 one of the oldest of the fundamental types of elec 
tncal current The principles of magnets and their relation to dec 
tneity were first observed bv Faraday in 1831 His subsequent work 
otmed the basis for the introduction of the d ynam o, the telephone and 
much of our modi m lightin g 

Physics — This current is clnracterized by relatively high voltage and 
ow amperage and is alternating in character A weak galvanic current 
enved from a direct eurrent main or from batteries pisses through a 
of wire surrounding an iron core whi<h becomes magnetized 
The induction coil is i very old and very well known piece of 
c ertromedicsl apparatus and although the roils prculuced by different 
ma ers are of somewhat different construction the general principle is the 
same and the current differs verv little in cbarictcr or quality ^^e 
'S'e a core mad*, up of a bundle of fine wire which is surrounded by a 
number of turns of a somewhat coarser wire This is known as the 
pniaary coil Opposite one end of this coil is a small piece of metal 
cned to a rather delicate metal spring A small screw is mounted 
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with the interrupted galvanic This sine wave then is able to stimulate 
the muscle, even m a degree too small to produce a marked contractma 
and without the polarity effects of the galvanic current It may be used 
for the purpose and to the point of obtaining a good contraction in a 
partially paralyzed muscle, but very feiv contractions are all that are 
permissible 

Technic — The care of the machine, especially the lubrication of the 
rotor control, la \ery important, if one desires to obtain a smooth, fine 
current The part to be treated and the electrodes are prepared in the 
same way as for galvanism, the large indifferent electrode usually being 
placed opposite, and somewhat centralU, to the smaller testing or treating 
electrode The mechanism of the machines, from their mture, must he 
intricate and delicate and they require more care perhaps than any 
machines which we u e except the static 

Major C M Sampson, who had charge of perhaps the largest periph 
eral nerve clinic in Army Hospitals, has perfected a technic which can 
scarcely be improved upon and which deserves a detailed description 
The paralytic muscles are tested daily before the treatment and before 
receiving diathermy or •whirlpool bath The opposite limh, if normal, 
IS tested for a control 

Place the patient, and especially the limb to be tested, in a com 
fortable position During the test, the limb is placed on glass or wood 
covered by a towel or blanket Test each motor point separatelv and 
compare it with the corresponding motor point on the normal limb 
If both limbs are affected, another person may be used ns the control 
at first After sufficient experience this will not be necessary After 
determining the motor point and marking it with a dermal pencil, use a 
small test electrode on the motor point, with both sinusoidal and infer 
riipted galvanic currents Gently increase the rheostat, from zero up 
to the point where it gives a good contraction in the normal muscle To 
treat the affected muscles, take a slighth larger electrode and apply it to 
the motor point on the affected side Start with the rheostat at zero 
and advance it to not over iuo-lhirda of the strength that was necessary 
to secure a response m the bealthy muscle Use a slow wave, onh 
one or two to the second Keep a careful dailv record as to the number of 
waves given to the part being treated Not over three waves should be 
given the first day Increase one daily until ten are being given at one 
treatment, after which drop to three and repeat another week If, 
then, a test does not show improvement, keep repeating this schedule 
"When a marked improvement is shown, continue to increase one wave 
daily until twenty are reached, after which a aenes dropping back to 
ten and working up to twenty is instituted until the muscle possesses 
marked signs of regeneration At this point the rheostat mav be advanced 
to the full amount which was necessary to produce vigorous contrac- 
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eapeciallj desired Then a small Imisli, lonsisting of a bunch of fine tinsel 
wire is pro\idcd to «crve as the ictivt electrode This is attached to 
one terminal of the machine and the bnisli moved back and forth li^hth 
over the surface of the skin There of course, not the danger of 
burning nith tbis current that there is with constant current, on account 
of the frequency of alternations per second However, extreme moisture 
of the electrodes is neee iry to reduce the resistance of the drj kin 
and rcdiico the unpleasant tinglm^. 

The alternations so produced ire not even or rhythmical in their 
pcriodicitv There arc of course no polariti effects m the u c of this 
current There have been instniments de i^ne<l to measure tbe faradie 
current, but tlicj are not as satisfutory as m the ca«c of galvanic and 
high freqilencv current so thit the sensation of the patient becomes 
the best guide that ue have In the usual tape of apparatus, this current 
can be modified in its strength bi a <et relationship between the second 
ary coil and the core A rough meisunug stale is marked on the machine 

Major Bristow, of England further modified a small poitablo ap- 
paratus b\ providing for tlio manual insertion iiid withdrawal of tiic 
core into the machine thus pro<lucmg a farodic wave current, aMiidiiij, 
continual tctanizatiou of mu dt ind perfecting on apparatus of grcit 
t duo for the purjioso of mu«clc stimul ition 

Another moihfioitioii for generalized mu cular contraction aimed 
ospptiaUe at tlie rcductiou of adipoM tissue is that of Bergmiie o* 
France in which the current is applieil to large muscle group bj means 
of electro los on a specialh constructed chair with diiersihed control 
switches on the chair itself 

Since the f iradic current acts on the mu do through the nerve 
the sharje t effect is produced bv it« application on the motor point of 
agiTciimucle This point os i rule corresponds to the point of entr inec 
of the motor nerve in tlie belly of the muscle Ihercfore it follows 
that tbo active electrode bould be a small one, varying in diameter from 
one'-half to one and one half inelics 

Aatiirillv for the proper tcslinc of the intcros ci and similar small 
inu cks, the shirpist possible localization is desired, while for such 
uui oles as the biceps a somewhat laiger pid may le u cd An indiffer 
ent electrode should be four bj sia inches or even larger and both elec- 
trodes chamois or felt covered are prepmd as for galvanism Adequate 
moistening of them deccva«c8 the ensorv effect There is not tbe danger 
of dostnictiVL burns with faradism which nni t lie constantlv watched, far 
instance, in the u«e nf (he gilvanic uirrrnt The farndic currint al o 
miy be interrupted bv a metronome bv an interrupter handle on the 
active electrode or liotter still made wavclikc bv the core device dc- 
cnl>od in the Brntow apparatus Uic mojther and more cron tbe cur 
tbe better the result In nnv ci e, the current hould be delivered 
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so that its point is nearly m cuntact Tvith tins spring, at about tbe 
middle of its length One end of the primary coil is connected with 
one pole of the current supplj and the other pole is attached to the serei\ 
The coll and the spring arc also connected The current flows from 
the main or bittoncs to the coil, from this to tlie spring jumping aero s 
to the screw, and so completing the circuit The current passes through 
the coil with its wire core mdinj, it temporarily a magnet avfiich draws 
the small block of metal on the end of the spring toward it In doing 
this it draws the spring away from the screw, breaking the circuit and 
stopping the flow of the current When the current flow ceases, the cml 
loses its m ignetism and the pitcc of metal flies back and the screw resumes 
its first position in relation to tlie spring 

Physiological Effects — The faradic current is the nearest approach 
to the normal motor nerve impulse that we ire able, artificialh to obtain 
The usual alternation rate of fifty per second probably closeh approii 
mateb the motor nerve stimulation rate It acts through the nerves them 
selves the stimulation being earned into the mnscle at the motor point and 
distributed to the individual fibers by the same mechanism that is con 
cemed with thtir reception of the normal motor nerve impulse For 
this reason, it is casilv scon that, where the conductivity of tho nerve 
IS interfered with there will be a corresponding interference with the 
transmission of faradic stimulation Thi«, it will be remembered, is 
contrary to the action of the interrupted galvanic current, which is ible 
to wcure a somowlut modified reaction of muscles by acting directly 
on them without contimiitT of nerve structure The typo of faradic coil 
which gives the most rapid alfcrnitions secures the best motor response 
Mower ilternating currents produce an undue amount of sensorv dis 
turbince in proportion to the motor responses secured by them- Ponncrly, 
the faradic current was widely used for it undoubted effect in increasin., 
metabolism in completely paralyzed muscle groups where motor responses 
could not be elicited by its use Sinusoidal, or some form of wave 
galvanism is to be preferred for this purpose and the use of the faradic 
current reserved until the time when, as described m the section on 
sinusoid il curients a fairly good contraction is obtained by its use 
Where cutaneous stimulation is desired, a faradic brush is of value, hut 
surface high frequency is more often used 

A svstcmie result may be obtained where the neuromuscul ir svstem 
19 normal hut the patient with a luge amount of adipo«e ti sue is 
handicapped This m ly be burned up by the method of general muscular 
contractions induced by the faradic current, after the technic of Bergonie, 
described later m this chapter 

Technic of Faradic Treatment — The faradic current is adminis 
tered m general, in the same minncr as the galvanic current "Moist 
electrodes arc used, except m cases where a cutaneous stimulation is 
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ftlmut ten mmutcs These (realmenfs are given in conrsca of eix to ten 
■nwVa Application gioulil te daily for the first three weeha then on 
sHcrnatc days starting at twenty mmntes find increasing to sixty An 
average reduction of one-half to one pound per day may be expected 
and it has been the nilo for improvement to continue after the treatment 
has been discontinued 

These treatments consist in the mu clcs being contracted m a rhyth 
raical manner, m which the entire mnscitlatiirc of the body is coneeraed 
la this way, a combustion within the muscles 
IS greatly accelerated, but the signs of bodily 
fatigue nhjth folloiv noJent excrctsc are almost 
wholly lacking iforeorer, there are piticnts 
who, because of excessive weight or cardiac cou 
dition, could not take exercise which would in a 
marked degree aid m consuming their deposits 
of fat and ihcir elimination of body wastes. 

For them this technio is idcil 

Tiic type of current is described os a coar«e 
tiire faradic The interruptions of the current 
aro made about thirtv per second or cto o to the 
nonnal rato of musclo fibnilation and the rows 
eulflr contractions are made to correspond aa 
closely os |io8Siblo to the heart rate There is, 
m addition n general bmlding up of the mu«cu 
laturc replacing fat 

^^^th increased respirations and greater 
activity of tlie kidneys, active measures to ro- 
moTO, as fast as possible, the cause of the 
obosity Olid to regulate the patient s routine are 
nf course essential In many cases whore too 
rigid dieting can ea marked weakness and 
where active cxerciso is impossible this treatment should prove of value 
^Vlthl^ a reasonable time after treatment is instituted many patients 
according to Titus, aro willing and aUc to begin various types of active 
exorcise 
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COMBINED CUKRENTS 

Several types of apparatus have been perfected whereby a measurable 
proportion of galvanism and faradi m may be combined in a single 
treatment It is evident that wch a current will be of advantage 
where a ina«cle is just bcpnntng to lespeMid feeblr to foraduxa Prwo- 
tically, however, the sine or the mterrnptcil galvanic may bo used, until 
a sufficjpjit revponv? permits of oar treating bv the faradic current alone 
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to the mn«cle onlj in such quantity aa will procure a good contriction and 
for the le-ist possible space of tune in whidi this desired result may be 
obtained 

Normal pli\aiologicnl exercise of a muscle requires a contraction, dur 
ing which the \eiioua blood and lyrmph are squeezed out of the muscles and 
adjacent tissue In the relaxation period, an incrcnso of the arterial and 
capillary intake is made possible Wben the application of an amount 
of current, sufficient to produce a good contraction, is maintained beyond 
that point of contraction, tlie mnscle becomes tctanizcd and these natural 
changes in the circulition are interfered with Skill in finding tlie 
exact motor point decreases the amount of current needed to obtain a 
good contraction Therefore, the unpleasant effect of too strong a current 
upon the patient s seiisor\ none endings is lessoned It sliould never be 
necessary to use such an amount of current ns will “splash through” to 
neighboring muscles, the stimulation of which may be unnecessary or 
c\on detrimental A further point which should be emphasized is that 
tho rest periods between contractions should be much longer, by four, 
or even eight, to one, than the peno<l of tho contioctions The Hritidt 
electrothcripists employ two-fifths contraction and tlirco-fiftlis relaxation 
time Ihero is always the danger of giving too many stimulations to 
a weakened and regenerating mnscic Of course, tho faradic current 
IB not used until a musclo has regained a certain amount of power 
From two to ton contractions, usually starting with the former and work 
mg up toward tho greater number, is suflicicnt, ns a rule Overstimiila 
tion is of real danger to tho muscle 

Example — Stimulation of tibialis anticns ifukc the patient com 
fortable with a small support under the knee ^\ilh electrodes properly 
prepared, place tho indifferent electrode, qf four by six inches, under 
the calf of the leg, tho leg resting upon it I ocatc the motor point and, 
if necessary, mark it Then, with the active electrode remaining m con 
tact with tho musclo at this jioint and with just sufficient current to 
pioduce n fair contraction, give from two to ten contractions according to 
the condition of the muscle at the time 

r- Treatment of Obesity — ^Edwanl C Titus of New lork has used a 
modification of Professor Bcrgonie’s technic for a number of years m 
the treatment of tins condition lie uses a semireclming chair with large 
metal plate electrodes for the badk and adjustable extension for tho legs 
These electrodes are attached to the corresponding rheostat of the ma 
chine and there are two electrodes for the abdomen two for the legs 
and two for the anterior surface of the thighs These electrodes are 
all covered with a moistened covering of tho same thickness They are 
bound on, those on the abdomrai being held with sandbags Good contact 
of the patient and chair electrodes is essential 

Contractions are given very feebly at first, coming up to maximum m 
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Physics — The curreiit ««kh 1 m diathemiy is the bipolar dAr«omal 
current, wliich has a hi^h \oltflgc and relatirely hi,,li amperag,© The 
frequency of o cillation mu t be great enongli not to tctinize the muscles, 
that 13 oicr 10 000 alternations per second Tc produce the desired 
tape of current some device must In usfrl to ‘stcp-iip both the lolta^e 
and the frequency of the current comin^ from the mam llajor C H ^ 
Sampson has clearly illustrated the effect of high frequeno current, hv 
Cfimpanng it to uater poucr sonicnhat ns follows A stream of water 
SIX inches in diameter, having a pressure of a thousand pounds per square 
null would he difficult to control and dangerous to life if it struck the 
l>odv hut if passed through a greit nebulizing apparatus which reduced 
it to a hue mist, it would float and rise m the air whatever the pressure 
liehiutl it Such a apraj would correspond to our high freqiiencj current 
iml could he applied to a patn nt with m ill effects 

The stindird d Vrsoniil tipo <>f liie,h fn queoev machine is further 
dcscriUd os follows It contains far<t a control mechanism either a 
rlieo f it choke coil or autotransformer tv 5,overu the amount of current 
drawn from the main Sccvndl' a 'stcp-iip transformer, usuallj oil 
immersed which tikes the low ivltagc current end steps it up to the 
desired voltage, somewhere between ten thousind and thirtj thou and volts 
the ampin^o decreasing in direct prr portion This first transformer does 
not affect tho frequency of the current but ouh the voltage and amperage 
which IS till dangerously lu,^h fap-offs or leads are taken from the 
secondary on this transfviincr ind toiineetod to fbo pnraarv of a second 
step-up transformer which raav he of the Tesla t\pe usually wax im 
merstd, or a d Arsoiual hotenvid 

ictween the first and second tronsforwers are placed two devices a 
condcii er ami a spark gip The function of the condenser is to ton. 
the current and to step-up the frcquciuv The condenser usuallj emplojcd 
111 the diatlarina apparatus consist ol a number of met il plates epar itid 
from cadi other by some insulating mntenal such as mica or glass and 
his 0 larger cipacitv thin I cv Jrn jara u cd in other fvpes This greater 
capacity pro luces o eillations which arc more u tuned The condenser 
IS placed in. the second irv circuit Thi current may then pass into the 
condenser or around the metallic rccondary eircuit in winch the resist ince 
IS low 

In order to make the current enter the conde n er the spuk gip which 
IS another rcsi tincc of Taciable amount w placed la the ectcwit ‘'Tow 
the current niei tiii^, this new resistance tends to travel tin. n verse side of 
the circuit into tlio conden er and tlie eciiden er is charged with if, the 
first plate I'ciiic charged po itivdv and the ecoii 1 negatively bv induction 
im 1 So oil hen charged ta cupieitv the cumiit is discharged en niu««c 
acm s the spark g ip completing the hicb frcqueni \ circuit 

Tlie circuit leading from tlic fir t to the <Hcnnl transformer must he 
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HIGH FREQUENCY CUREENTS 

Divtkfemi 


Definitiac — Dfflfitcrnn di'itliemiifl trniisdicrnu or thcrraopcnctra 
tiou IS the bijKiiar appheitiGU of the <I \r<«nu i5 t\pc of higii frcqncnc' 
oiiprcnt whiili (Ittclops ft fonn of JjMt, somtlniiM ctiltd coiivcpijnc, dnp 
nithin fho 


History — In IB'JO D Ar<<onrnl dt monstntcHl tint the imin effect of 
iho high lr^.qHcnt^ enpmits m the InhIj the ppodiiction of licit 



Tio 8 — J oRTMii c llia« rBtqixvck a 

P£tf(ERn<3 SstOa MlUJ<UftXCS Of Cl,* 
BE'ST 


I he Ibnoning jear ho wsctl cur 
r<iit« lip to 3,000 nnlliaiHpen« 
fhit Bime year, Nicola TesU 
(inircd that hrgo curnnts of 
high iwtcntnhti, enrreuts that 
<ou!<! light up scTcral mcuulcs 
<c«t hntps, might he froffi 
Iiiilcn jirs Mithout harm to lie 
Iwly III J 800 , T) Yrsoni il 
diOTTcd lint Ijo could produt'C 
heat effects in patients nith enr 
iciits as low ns COO milhamports 
and jn ISDS, Ugsn to treat 
diseases with these currents The 
first use of the d Vr^oninl ewr 
rent lu therapeutics w as made m 
this counfn h\ Fredtrich De- 
Kraft in 30OG in the office of 


Wiiham Benhain Snow, of New* lork In 1907, Nagel clitUKU doigopd 
tht first re d di ithema app’^raliis and paii. tho name diathtrmj to ihis 


form of treatment Tesla h*»d suggested the «so of high frequency cur* 
rents m niedicine as far bach as ISO! We are indebled to Bordicr, 


Lccomtc, Bonmiot, W ertheim Aiimnern ami others, for early expcnaicn 
tation with this current In 1908, Ton Verndt, Ton Preiss and Ton ZijTiccY 
urged the use of the d Yrsema al euneat ui the tn itincnt of jomt diaci cs 
Diathermy was first used in England m St Bartholomews Hospital, m 
1009 In 1910 Kagelsehmidt used diathermy ni hospital practice, hot 
with ft typo of appnritus that did not give the properly sustained osciHa 
tions 1 row 3910 on a number of new types of apparatus were derel 
oped, both xa this country fljid abroad, until wo now have scrcral males 
of hi^i frequencs niachinea combining not onU a ilArsonval current of 
good qushtjV byf Tesla and Oadin enntmts as well 
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Physics — The current used in diathermy is the bipolar d Irsonral 
current, which has a high voltioO and relitirely high amperage The 
frequency of oscillation mubt he threat enough not to tet inize the muscles 
that i« over 10,000 alternations per second Tc produce the desired 
tvpp of current some device must bi used to step-up both the voltage 
and the f^ecjllene^ of the current coming from the main Jlajor C JI v 
Sanip‘5011 his cloarlv lUuotritid the effect of high frequcnc} current, bi ' 
comparing it to water power soinewhit ns follows \ stream of water 
SIX inches in diameter, having a pressure of a tliousnid pounds per square 
inth would lie difficult to control ind d tngtrous to life if it struck the 
bodv hut if passed throii„h a great nebulizing nppnrntus which reduced 
It to a fine mist it would float and ri e in the air, whatever the pressure 
behind it Such a spraj would comspind to our high frequency current 
and could be applied to a patient with no ill effects 

The standard dArsonval t\pe of high fre<iutoc> machine is further 
(leseribcd as follows It eontains first, a control mechanism, eifh<‘r a 
rhoo tnt choke coil or autotransformcr to govern tho amount of current 
drawn from t!ie mam Stcondlv a “step-up transformer usually oil 
immor«cil which takes the low voltage current \nd steps it up to the 
d sired volti^o, somewhere between ten thou md and tlnrtj thousand volts, 
the ampengo decreeing m direct proportion This first transformer does 
not afitet the frequency of the cuneiit but onl> tho voltage and ampeng© 
uliich 18 still dangerously hiph Tapoffs or leads are taken from the 
sccandirj on this transformer and conmeted to the primary of a second 
stepup transformer, which may be of the TesU tape usually wax im 
inerscd, or a d Arsoiival solenoid 

llctwceti the first and second transfonners arc placed two devices a 
conden cr and a spark gap TJie function of tho comleiiscr is to store 
the current and to stepup tho frequency The conilen'scr usiialh employed 
111 the iliathcrma apparatus onsiats of a uunibcr of nu till pi itcs «op iratcd 
from each other by some insiil iting material such as mica or gl and 
has a larger capacitv than Leyden jars used m other tvpes This greater 
capacity prodiuca o dilations whitli arc more sw tamed The coiidcnsfr 
18 placed in the sermdary iirciut The current mas then pass into the 
condenser or around the nietalhc eceondary ciicuit in which the resistance 
13 low 

In order to make the current enter tin. eoiidcu or the spark gap whicli 
IS nuofher rc i fnnee of variable amount is plaerd in the circuit ISow 
the current meeting this new resistance tends to travel the revtr e side of 
tlio circuit into the condenser and the conden cr is charged with it the 
first plate being eharp,ed ivHitiveh and the second ncgitnclv li\ induction 
nnd '0 on hen chargeil to capieitv the current is discharged r;i masse 
•fro s the park gap completing the lush freqnencv circuit 

The circuit leaden^, from tlie farst to llw second transformer must be. 
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tuned to resonance js done bj eqitalizin^ the indncfance resistance 

to the capacity of the condensor Hen^ the function of the condenser m 
to store tip sufSeient power to excite rcsonence in the circuit 

hen the spark gap is closed or offers insufScicnt resistance to the 
current, the condensers are not charg'cd and there is not enough coergr 
to set \ip Tibration m the resonators Core of (he sparl. gap ihtrefare 
IS ahsoluiehj tssenhal to the pi'oper tcorXtng of the machine 

The Sparh Gap and Its Proper Care -“The cire of the spark gap is 
perhaps the most important thing the physician has to kno^r m the 
care of his machine A dirtj and corroded spark gap 
will interfere mtb the smoothness and evenness of 
the current to such an extent as to nullify the good 
that might be aecomphahtd bj the trcitmcnt T^’here 
the DeKroft spark gap is u«ed the micas must often 
be cleaned, rearranged and turned so as to present 
clean fresh e<lgea Alcohol is the best substance to 
dean both the metal and the mica, Where the 
hooded target spark gap is n»ed, this too must he 
elenued and tho end of tho rod constantly fresheaed 
, and kept Icrel to insure an e\en c\irrent The nso 
of cork Or ground glass for better insulation, and of 
finer degrees of adjustment in some of the latest 

Fio 9 A SfA-KOABD g®P» 

TTPslf Hwh?k“ required 

<io»>cT Arf^BAtts In ao-me smaller ^pes of machine, loose contact 
may occur between the metal regulator and the but 
tons on the rheostat when they become slightly loose by wear This may 
be pretented hj inserting a chip of Crook’s metal Some types of machine 
require grounding and, in this cosi^ one must be sure the ground wire » 
in place 

The MilUamperemeter and Its Significance — In the ordmaiy type ef 
machine there is placed in circuit a hot wire milUampcremeter This 
meter only giies a roughly approximate idea of the amount of thermal 
effect the patient is getting As Jlr N E Eorsey has pointed out, it 
measures only the total amount of the current delivered to the patient 
and takes no account of \flryutg resistance within or without the body Eor 
instance if the part treated has a low resistance a strong current wd! oe 
indicated by the meter without a large rise m internal temperature 
But, if the resistance of the part is hi^, for example, through the knee 
a smaller current wiH prodneo a more intense degree of heat Hence 
the meter records the total amount of current passing while the degree of 
beat produced depends upon the cntrait density and the resistance of 
the tissue With sire of electrodes and density of tissue the same, the 
beat prodnred vanes as th<5 square of the current strength Thus a 
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relativelj small increase in current strength wil! greatly raise the internal 
temperature The reading then will vary according to the tjpeof machine 
the part treated and other lariations m tccbnic in each case, and is only 
fairly constant for the same machine «vh 1 in the same way 

Physiological Effects — Diatherm} is applied to the body by the 
bipolar method and heat is generated in the tissues m proportion to the 
square of the amperage Uhcd and the resistance to the passage of the 
current It must be clear that this is an entirely different form of heat 
from any heretofore used in medicine and in its effect totally different 
from that resulting from the application of any form of heat conducted to 
the skin through the air or applied directlj to it This high frequency 
current, bt cou c of its high Toltage is able to take a direct path through 
the tissues and is not grcatlj affected their relative resistance It 
takes the direct rather than the c isiest path one mioht say 

have spoken of the general constniction of the d’Arsonval ap- 
paratus and the manner in which this current is generated Before con 
sidciiiig its specific local and aistemic effects, it would be well to have 
>a mind some of the qualities pos ossed bj this tvpc of current A 
current oscillating at this eatremelv rapid rale of approximately a million 
per second is too rapid to institute ionic movement There is therefore, 
no muscle contraction, no ionizing effect but only sedation and the 
development of heat 

Local Effects — There is protliiced a very mid hj'pcrcmia of the skin 
increased activity of the skin glands bonoath the electrodes and lessened 
skin sensitivity Increased cellular activity of any given gland in tbc 
pithway of tlie current is produced with no tctanization of muscle, with a 
proper technic The sedative effect upon nerve endings has been demon 
strateJ by decreased pim and diminnlied electromotor respoiives Active 
arteriole and capillarj dilatation follows This increases the local arterial 
blood supply increises the amount of lymph pas«mg into the tissues and 
quickens tho venous return bj lowering fh© capillarj resistance to the 
bloodstream Jscarlj all these effects arc directly proportional to the 
amount of heat produced, and this depends agxin upon the size and tjjte 
of tho electrodes used the amount of the current and the length of the 
treatment Heating is intensified during the latter part of the treatment 

General Effects — Tho distribution of the heat by the body fitiids 
raises body temperature somewhat from 5 to2.>'’F There is a lowering 
of blood pressure, with mild general stimulation of the processes of 
metabolism and c«peciallj of elimination With heaw currents there 
may he a general feeling of la«8itnde and ometimes fatigue, especially 
in elderly persons A quickening of the pul«c rate is often noted and a 
general increased activitv of the eliroinative mechanism 

Experiments — If the niitoconden«atioii handles are held in either 
hand when the current is fumed on, the wrist becomes warm with a 
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stronger current the arms an-d sliouldcrs become bot nad the wrists very 
hot i«d ersmped 

1 Cnmberbittli noted tbo follo’fung temperatures in a patient nsinj' 
this technic uith 400 mtHuiapens for 20 mmtftes There «as a nre of 
temperature Fibrenlu it, is follows front of the \vrjets C® , fiont of the 
elbow 4® axilla, 2 4^ luotstli, S0°, groin, 12®, and popliteal space 
d ILe rise of tempet'iture m tlie mouth and in distint pirts waa due 
to the heating of the Wood ‘sttcim ond the rmximum temx>eratiirc was 
in the wrist where the current duisitx was grtitcat 

2 I« a second rxpOMment tlx iiroe technic wis used with 500 
miUiampcres to nnximnm tolerance, which gx\e n temperature m the 
front of the wrist of 20 The Actor side of the nrm w'ts S to 4® 
wirmer thm thoettenaion side winch increased to 6® when the arms were 
flejfctl 11 itli the clextrodes oicr the chest and abdomen, no rise of ball 
temper iture was --ttured 

3 D Irsoiird domonstritid that ill parts of a sihno solution «ero 
ctjUilly hoitcd lit fuilhtr 5>liowtd tint in pi^aing diathermy along the 
huid 1<^ ol n ribbft the deeper (i«sue« as wrll ts the shtti, could he 
ungnhUd h^ stiong currents 

4 Ifni i,.li mo pjs<«l dintheinix throUph the thorix of fl dog 
winch 1 small elcotru.nI limp hid been placed The lamp became 
mt nuksetnt 

5 A scries of txpeiimeiits with lurr illustrated the conduetivit' 
oi si)j»p solution to the dnthenny current Strips of 3»cr were cut 
( b\ 1 b^ 1 iticlus In eicli cise 450 imlhamperts wtro uwd fot four 
miaiites {a) Crooks metal eJoetrodcs 4 inches lon^, lad J well wide 
were wrapped around both ends the liver phceil in a dry di^h and tbi 
current turned on The hrer was tboroughlv cocOvCtl through and was 
especiallx well done in the center (6) IJoth hvtr Tnd electrodes were 
phecd in the silt solution asid the cooking w'ls xerx much Icfes marked 
(c) Ono end wis rii«(d ns before the other end placed on the dec 
troile on the bottom of the dish The Iiier was cooked except on and under 
the electrodes (d) Tlx fne elettrodt w is simpH placed o\Pr the cd*^ 
of the di'h down into the sxlme and the results were the same a» 
jn C, but the cooking not qw^tc so thorough These expenments mdicitc 
that the direct 'ipplicition of plates is more efficient than, through the 
water but that a true dnthcnnx max be obtained through sahne into which 
xn electrode has b(x.n placed 

6 Ciimberbiteh describes a case ip winch the pxlms were moistened 
with salwo and the thermometer placed between them Ihe electrodes 
wi re applied to the hick of the hands One tlsousand four bundled niilh 
amperes for six minutes gave a 7° F me of temperature It is to be 
noted here that we have two extra iajm of «kin with their added 
«istance and the rise of temperature is therefore greater than it would 
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be in the mifldle with the swne ma a of tisaiie, is, for instance, m the 
fore irm 

«’( In a lar^e RtoMtli on tht, back of the neck, with the indifferent 
elcctrodL on the thtst, an actire cirenlir clcctwdc thn e-fourths of an 
inch in (liimetcr, wis plictd on the p,iowth A thermometer ^'as thrust 
into the growth out nch Iwlow the actnc olettrode The timpcraturc- 
rose to 110 F 

R Illustnting ed o effet-t When two electrodes art pi iced side by 
«ule or end to end the hotUst point ib between them Two electrodes 
were placed on the lick of thi fnii irm the marnt ed^e-* < nc inch 
ipirt Tin, tcmpcratuTc of the kin under the center of the plates ro c 
8 I on tin. cJ^c f icing the oppo itc eloctrodtt, 21 F 

0 Salicrton exjcnmtnttd with u diab of eg^ dbnmin Two tics 
Irodts were placed in the illnimin at opposite sides When a hears 
current wis turned on siidtknly the coign! ition first appeircd immedi 
ately Icacith the electrodes Wbta tuniod on slowly coagiilition took 
place first in the center 

10 IlexiUe mel\l tlectrodcs were bound on the opposite »idca of a 
large potato Fifteen nunutts of intMlcrateU stnmg current were ap- 
plied The potato was cookol in a dianiuntl «hipcd area, broade t m 
the center 

11 Tlio temperature of the brain can lie rai td ha iliathermj through 
the skull Oloctla and W ascr’ xhowctl 1 t n e m the lateral Tenlriclo 
of ft dn^ after diitliornu for li n mimites 

Irom our thnitil cxp< runic with this current and from the fore- 
goin^ trpenmonts wemaa lomlndi 

1 That diathemiv docs tloitlop a dtep-«eated and real heat within 
tlio tissues 

2 Wlnlo this licit is gn it enough to coagulate protein, there is no 
danger iii its application to lumnilly 1 1 uilanzed tissue, because the 
circulation of the Imilj ffniiU diffn«ts the heat 

The amount of licit tlcMl^peil depends upon the resistance of the 
ti UC3 and the current dciisiti With \ giten nulliamptrige the current 
diiisily is pquil if the tlcttroilps iri of tbt sinie size and the greate t 
amount of heat is obtained hilfway between them, when tlic current 
IS turned on If chetnules of uneipul ire are u td the current 

densiti IS greater a liort di tmeo Ixlow the mailer ihctrode Thus 
"0 are allc to IolqIizo the iltNircd offett In tin npplicition of dinthcrmi 
t • tin tin^( or toes advant-i pniivbi tiken of its condition through salt 
solutnn 

The Machine — To girt, sitisfactira diithcrmi trt ifmcnts an ap- 
paratus must Ik capiblc of dtliTcringat hast Si^OO niilliamptrcs of cur 
tf h I hxpfr lath u lb 
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rent Fortimatclv, there are ‘!e>erfll hpes ea«ih portable which are of 
•'ufRcicnt power The larger machines for office practice arc nio«t 
eoononncal when built exehisne of many «!ehlom u ed attadimcuf^ 
true «!imisoulal current can be dcrixed from a high frequencx outfit in spite 
of advertisements to that effect 

^Vlien tlio apparatus will not work, first see that cierjr switch is 
do od and the wall plug fullv m erfed Xext, test the circuit outlet with 
a lamp or other piece of apjwratua If the trouble lies el ewhere examine 
next tbo sparV g-ip tahmg it apart, cleaning and rearranging it, if it is 
of tbe DcKraft tx jio, or using emerx cloth on the douhle button vanotv 
Further taking doxxn of the machine is inndvisihle, except m expert 
hands ^fost manufacturers are providing good repair «erxico where 
possible 

Electrodes — "Nfanv tvpcs of electrodes are now on Iho market 
Crooks or comixiMtion metal, txxentx txxo gage, are perhaps the K>t for 
general use Thcve max l*c cut into convenient sizes and shapes All 
four edges should be turned «harplv hick and rolled flat A slightlv 
longer flap left on one end xvill fncihtafc the attachmeat of the clip 
feoveral electrodes should lie prepared to fit ensilv over curved surfaces, 
such ns the pomt of the shoulder This is done bx shttmg the side or end 
so that overlapping is po mWc Lighter xxoit^ht metal is sometimes 
used Tinfoil is verj eouxenunt for «sc on the phalangial joints with 
small amounts of current I prefer varieties of txxeiifx two gage mehl 
for genernl use 

The solid steel di«c tvpc xvilh handle is inflexible, requires holding in 
place and can onlv lie used on flat surfaces A nexv txpo of olectroth 
001181 ting of XX ire me h oxer «oft mnUrial supported bx a «cilid metal 
bick and applied bx menna of a retaining handle, has just been brought 
nut itli tins handle n pair of electrodes may Ixi quicklx applied to 
the opposite sides of ankle or knee and xvill rcnism firmly m pljw 
German silver nicsh may now Iw purcln cd in required amounts and quite 
durable pads made with it In some modificitions of dintlierniv tho 
aiitocondcnsntion pid, vncinmi or non vacuum high frequenev chctrcKlc 
or hand of the operator or piticnt are connected to one dArsonxnl 
feriniml and act ns an electrode 

General Technic — The patient must be mndo comfortable, the part 
to l»e trente<l xxoll supjx*rte<I, and he should, if possibli, bo ‘montallv 
prepiretl,’ as before suggested The machine should k examined to 
make sure the spark gap is closed and the rheo«fat on ‘I ’ CIo«o the 
knife switch to make sure the machine is running It is xxcll to xxnrm 
the eompo ition metal plates by placing them face npxxard under the 
radiant light or m verv hot water With shaving brush and soap 
prepare a heavx, hot soap lather and, applxing it freely over tic elec- 
trodes place them on the skin Attach the metal cord tips xvith clips 
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or aimply place them on the back of the electrodes and bmd them firmly 
with elastic or cotton webbing or rubber bandage 

Inspect again the attachments of both cords and then close the 
machine switch In the avera^ treatment, from three to five minutes 
should he taken to raise the current to maximum, and two or three minutes 
used in reducing it This may be done by the following method when 
using the DeTvraft gap Open the spark gap slowlj one or two notches 
It mav then be closed one notch and the rheostat switch placed on the 
second button, when it is again slowly opened \fter a moment this 
procedure is repeated until the third fourth or fifth button on the 
iheostat, as desired, is reached and the spark gap on the second third 
ur fourth notch gives the desired maximum current This procedure 
should take not less than four minutes for its completion 

^\ith the hooded tungsten or turn-screw Ivpc of gap it is often 
possible to place the rheostat at the desired position for maximum 
treatment and to depend on the scry gradual opening of the spark gap 
above to gradually increase the current strength 

It 18 desirable to take about one-half as much time in reducing the 
current ns vias consumed in raising it to maximum Neglect in the 
use of the requisite time for both of these measures may result in painful 
and gcncrsllv unpleasant sensations on the part of the patient 

Where it is desired to localize tho heat near one surface, select 
electrodes of unequal size The current dcusitv and heat production 
IS greatest lieneath the smaller electrode W ben plates of the samo size are 
used tho heat is generated m the center of the tissue mass between them 
Less current is always required m dense tissni., such as the knee-joint 
than through less dcn«c tissiu' such as the abdomen It should he re- 
membered that, since the bent vanes as the square of the current m 
nnj gnen tissue density a slight increise in the nulhampore needle read 
ing will give a marked nso in the lutcmal heat produced This is tho 
reason whj some piticiits arc sensitive to what seems to be but a slight 
inerca c of the current 

In normal tissue with gowl contict, it is safe to use 100 milliampercs 
of current for each square inch of the smaller electrode In vers 
vascular tissue and where tho resistance is espcciallj low, this allowance 
ma\ lx nicrci ed ^0 per cent Tlic patients sensation is a reasonahlv 
piKxl guide When, however one is treatinj, anesthetic areas extpi 
precaution regarding both tho contact and the current strength must 
he taken Patients having arteriosclerosis must be treated with extreme 
caution Their vascular elosticitv is unpaired and their heat diHusion 
sluggish \ duskv red crvtbema under the electrodes is a warning 
that the current strength mu»t bo reduced in subsequent treatments kVlicn 
a pair of plates are u ed on opposite sides of a limb or other similar 
situations, it is of the utmost importance to see that tlicv aro equidistant 
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at all points WLeu this is not done, an niicluo current density is 
developed between the near points which ina^ cni«c a burn Such a 
situation rua;j arise, tor instince in the knu, bv the pitient chaugiuji 
his position a/ier the phtoa ate properly placed 

The patient is uiuwite of the degree of sensation the treatuiLiit 
should proiluct Ilonee he should be instructed to nifonn the operator 
at once of aii\ puticnlar points of heat or faradic sensation lliien 
these unpleasant aeiisitions occur, turn tho current slowly off, reinsert 
soap lather ivith brush or finger, press tho electrode down hrmlj a that 
point, roapph the biiuhge, and slowli increase the current again 

A\hen the current Ins been cut off complete!} by slowl} reducing the 
current, remote the elcctroiks and carcfull} drv the skin There is no 
danger in tho patient going outdoors with reasonable protection, by the 
time be 13 dressed and ready to lene the office 

Special Technic — Ance — ^Ixhril plates, whilo panllcl, should he 
placed sli^hth nearer tho front than the hack of the joint, due to the 
sensitivity of tliL skm in the popliteal space Some opcratois “crus 
fire’ tho joint bv using first aiitcropostcnor and tlion lateral plates 
Another method ot rt aching the joint surfaces is to llc\ tho joint 
fully, placing oiu. plate below and one aliove tin patella 

Ilcart a>id Lung '< — Use fnirlv large j>lnte«, perlmps five by seven 
inches, and turn (he emrent on and off with great caie A steidj current, 
ns shown by a st itioiiary nocsllc on tie jiu!hniu]‘ertineter, must be used 
It u unnecessary to bind the phtes on, as tbe patient may lio on the 
posteiior one while tho other is held gcntlv but finiilv on tbe chest 

Eroi/i.— Diathermy of tbt brnii has been sucecssfullv used in a 
number of conditions Tho electrodes miy lit. applied to forehead and 
occiput or laterallv through the paiictal region It is necessary to 
employ a current of absolute steadiness One t ikcn from a machine 
wliere there is the sli^^httst to and fro movoincnt of tlie meter needle 
is unsuitable Not more than ^00 imlli impcres Rlioiild lx. ii'cd for a 
maximum of fifteen minutes Lxtra c ire and time must be taken m 


increasing and dcLrca«ing the current stitiigth 

Spine — It has been a common custom to apply two long, narrow 
(Icctrodcs to either side of the spine I do not Ixslicvc tiiat nnv thermal 
effect on the spinal cord or vertebral articulations, and but slight effect 
upon the erecfor-spina? miisehs cm bo obtained bv this jnctliod, because 
of the edge effect The major portion of the current passes along through 
the skin and tho subcutaneous tissue between tho near edges of the 
electrodes It is our custom to tn.it such eases bv Iming the patient 


ho prone upon the autocondcnsatiou pid, using a movable, non vacuum, 
surface electrode over the spine 

If more convenient, one long narrow electrode over the spmc raav 
bo substituted for tbe movable electrodes We thus localize the heal 
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c-onstantlv und^r the electrode, obtaining the greatest current density 
m the structures beneath it 

Extrcmittes — A direct current may be used by applying two vacuum 
or non vacuum electrodes to opposite sides of the elbow or hand, for 
m tancc keeping Ihcm ronstantlv in motion This might be termed 
a moidblo, direct Jccteie and is useful in the elbow, on the fingers hands 
and feet The hands and fett can also be treated through saline solution 
In treating one of the proTiinil joints of the fingers one metal plate is 
bound around the midforeirm the other pliced m the bottom of a 
non-condncting vessel filled with saline and the fingers immersed m the 
Solution TIku the current is tiirncd on and a strength of 500 to COO 
millismpcrts used After the other tingcrs are witbdrami one at a 
tune the patient fech the increnstd density of beat m the affected finger 
which 18 greatest when all tla other fingers arc rai td If the heat 
tlien becomes too great, a Second fiD^cr is replaced m the saline This 
tcchnie has the advantij,© of Itmg entirely under the patients control 
and ho soon learns to regulate the amount of heat ho is able to endure 
m the affietod finger If it is desired to trcit the avrist the whole hand 
niaa he placed flat on the bottom of the retainer The foot is trcited 
m a similar faaluon For the treatment of the hand and wn t, if tho 
fingers are fltvilde we use a Udinn. imilar to tlic obote, cveopt that 
tho patient holds the autoeondcn«ation hmdle in the hand instead of 
inmieTSing it in the saline 

Vnother tetliiiic in general u c is tho zone or cuff method for 
trcatmint of tho extremities For m«taiic<. in treating tho elbow one 
elcetrode cncuclcs the upp<r inn the other the forearm It is believed 
that mf<t of the current is pa cd along the tnn cles, tendons and sub- 
cutaneous ti sue and tliat comparotivclv little is obtained in the joint 
Itself It is true that this skin or zone effect is diminished if the dec 
trades arc wuUlv separated or heavier curnuts used but, if it is the 
rlliow or the kiicc that is affected th« through ond through technic 
fir t dc cnlicj soenis more efficient lor the sharp localizition of heat 
clot- to the Burficp as, for instance in the gums following dental 
tnuini I or over the tcmjieroniaxillary region I leaner \ olkmar of M a h 
iiigton has su^^sted placing the pitient on tho autocondensjtion cii hion 
The operator holding an cleilrodc in one hind makes quick contact 
With tho whole hand, then using the fingers as rheostats concentrates 
the heat Kniath the tip of one finger \\c haic modified this method 
h\ placing the operator «ente«l on another autoeondon atioii pid giving 
more fn-cdoni m the application of the tnntinent. A knowlodsm of thi. 
jhvsies iniolvol and tin thcrapentic prollora at hand will enable one to 
8tiU further inodifv the leelmic along rational lines 

Autocondensation — This trehnic of general diathermy is in common 
use The patient IS e itod or lies pron<^“the latter preferred— on tho 
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autocondensation mattress or pad This cushion is attached to one 
d’Arsonval terminal and the steel cjlinder electrode, attached to the other 
terminal, is held firmly m both hands From COO to 800 milliamperes are 
given for tvehe to thirty minutes 
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Precautions — There may be improper contact between electrode and 
shin 

The current concentration may be loo great, as when there is a near 
approach of two plates at some point 

Because of local anesthesia the patient may be unaware of a degref* 
of heat approaching pam 

The tissue vascularitj or visomolor mechanism may be subnonnal 
as m scars and arteriosclerosis 

Contra indications — These are >ery few in number and include 
Inflammatory conditions associated with walled m pus 
Conditions where there is danger of instituting hemorrhage such as pul 
monar\ tuberculosis with caaitj formation and gastno or duodenal ulcers 
Phlebitis iisuallj classid as a contra indication, has been distinctly 
helped by diathermy in scaeral recent cases with no untoward results 

SURGICAL DIATHERMY 

Definition — Surgical diathermy is the destruction of tissues by raising 
and localizing heat within them to the point of coagulation or desiccation 
It has also been termed diathermic cauterization, but differs from other 
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typos of cauterization in that the heat is generated in the tissues instead 
of being convejefl to them by conduction It differs also from chemical 
gakanic cauterization, ivhich is caused by the concentration of cau tic 
ions at the poles 

The chief adiantages of surgical diathermy oier other operative pro- 
cedures are 

1 Certain tumors othenviae inoperable may he removed 

2 This procedure is practicalh uithout hemorrhage making it of 
special value in conditions such as cancer of the tongue 

3 Danger of spreading metastases is much less than with the use 
of the knife, becau«e the blood vessels and lymphatics are sealed m the 
procedure 

4 The field of operation is sterilized b\ the heat developed 

fl Surgical shock is in many cases less 

0 The operation is rapid and often not difficult 

? I oslopcrstive adhesions arc seldom formed 

Among the chef disadianlagei of this procedure may be mentioned 

1 The operator cannot bare important structures such as nerves, 
srtcrica and acins as he docs in blunt dissection 

** biormal tissue is dcstroye<! along with the malignant tissue in the 
same aioa 

3 The danger of causing hemorrhage when performing surgical 
diathermy near large vessels is obvious 

4 The liabilitv to form keloids, m operations where large areas of 
skin are involved, is great 

5 The tissues must be easily aixosaible 

C Patients who are evtrtmily weak do not stand this procedure 
well 

Technic — We are largely indebted to William L, Clark of Phila 
dclphia for tho development of iho technic of desiccation A general 
anesthetic is usually required Tlie indifferent electrode usually a large 
flexible composition metal plate is wtll lathered and applied with the 
same care as in molieal diatiiermy Om must bo sure in a prolonged 
operation, to keep plenty of *oap under this electrode After the opera 
tiou IS complifed the patients km is drieil and powdered The active 
electrode consists of an insulated handle with metal center to whicli 
needles or a group of short needles kmve« buttons and various other 
attachments can be fastened 

^Vhon the apparatus and clectrwlea aro in readmes the current i 
turned on and the knifi. or button » pressed firmU into the tissue to 
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be destrojed From 1,000 to 2,000 miliiampcres of current are n-cd 
At first, bubbles of steam and ^as are {,iTen off and, in the very short 
time it tabes the tissue to coagulate, usually a few seeonds, sparks mil 
jump from the electrode to the surrounding tissues, at whicli point the 
current should be instantly turned off Intense contraction of mu«cles 
and undue stimiilition of surrounding ner»es occur, if the treatment n 
prolonged lik hen the curreut is turned off after the appearance o{ the 
bubbles, the tissue is eoagulateil The tissues are coagulated to a depth 
roughh equal to the diameter of the electrode and in cross-scction about 
lialf its diameter botond the edge of the electrode When the neeJks 
are used, the depth of coagulation is much greater, but not as great in the 
cross section The less \ascular the tissue, the more quickly inll the 
coagulation occur ^\htn large masses arc to be coagulated, it is neccs 
sary to prevent too sudden dryin,, by dropping salt solution constant!' 
along the electrodes 

It IS believed that this procedure is of sufficient value to justify the 
addition of this apparatus to the equipment of every modem operating 
room 


UNIPOLAR HIGH PBEQUENCT CURRENTS 

Tesla and Oudin Currents-— One of these two types of simple moni> 
polar hi^h frequenev currents i« generally combined with diathermv la 
a single apparatus The general physics of the current is somewhat the 
same The Tesla transformer consists of a 8etondar\ coil wound around 
the solenoid for the purpose of raising the tension of the current The 
Oudin resonator is made of a toil wound vcrticallv on a solid ba e Cod* 
on the resonator acting as the primary high frequency solenoid, and 
the remaining coil by resonance, thus arranged greatly incrca e the volt 
a,_e Condensers lA these tvpes of current may be of the plate tvps 
de enbed iinder diathermy, or Levden jars The former has b-cn 
described 

Leyden jars are containers nearly filled with, sahne They ari- 
made of glass, lined inside and out with metal which hccomes the arnia 
tures, the glass “icting as the dielectric The inner side is connected m 
a rod or chain, the outer grounded Xhc inner coat is charged by tl^^ 
hi-h tension coil producing a charge of the opposite sme m the outer 
cost A metal conductor from the outer ertat near the rod to the inner 
coat forms a spark gap and di«chaig03 the jar In the common OudiP 
re''Onator, the voltage of tlie current can be raised sufficiently to product 
a strong violet brush discharge, m glass vacuum or non vacuum con 
denser electrodes 

Vacuum Electrodes — Vacuum electrodes are known as condenser 
electrodes The current earned to them by a cable charges the vaeuuni 
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ami inner surface of the electrode and a corre&pondino cliai^ is induced 
in the outer surface of the glass The current induces a violet-colored 
fluorescence ^vithm the \acu«ui When brought in close contact with 
the skin the electrodes gi\c a brush discharge of sliglitlj warm and 
stinging character If thej aic kept in contact with the skin and movcil 
rapidh, the skin becomes warm ind h\pcrcmic \acuum electrodes 
of thin glass, of various sizes and diapes tor surface and cavitj work 
and shaped to a common insnlatcd handle, arc supplied the manu 
ficturers of the various machines The e electrodes tend gradualh to 
luse their i leuiim and to become less and h«s efficient, but are furlv 



incrpensitc to replenish Tiie\ hm been known to explode and break 
in flue particles during treatments 

1 dward C Titn« of \ew \ork has been doing onic valuable work 
"ith flectrcxlcs filleil with helium gis Tins work seems to indicate 
thit an electrode of hi^li efliciencs and dnribilitv niaj in time be pro- 
duced ni (]uantit> and form i Mliialile addition to our apparatus 

A noniacuum sihcrlmeil and insulated handle electrode has been 
proiliicc'l of a inucli lugber cIlHHnes than the common vacuiini {^pe 
Tins proliicf is on the market m «tr> form and larieti It is still 
tbglitK hort of tnictural pirfection tindin^ to ovidizo after a certain 
sniount of usi Ihit all things ennsidereJ I l«lie\e it to be the most 
'flu lent «k“etro<le now at hand 

Physiological Effects ^ — IjOciIU i coiintcrirritant effect upon the skm 
IS produced winch h greatest st the edges of the mo\ing surface elec 
trode and inert i« al he the widening of the spark gap Heat is produced 
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in tho tissues immechntely beneath the electrode ond to a variable depth, 
depending upon tlie «!trciigth of the current This combined effect 
stimulates greitlj skin ceJJ metabolism and the activity of the «km glands 
The general effect is due to the fact that the bodj is completely charged 
and dicchaigod with each oscillation of the current, as pro\ed bj a 
spark jump to i second person, if near contact is made This iffect 
IS similar to, but slighter in amount than, the systemic effect of diathermy, 
that IS, there is a lery slight warming of the body, a rclavation of ten 
Sion and a geiicrnl stimulation to all cell metabolism It is not, as a 
rule, used for this gcneri! effect hut only m local licit production, the 
stimulition of the skin ind closely underlying tissue being the usual 
indication for its use Ihc two t>pca of current differ but little m 
their effects 


Technic — The spark gap and rheostat arc started at zero See that 
all connections are tight, the electrode firmly attached the skin dry 
and powdered In nerious patients appH the electrode before openmp 
the spark gap ono notch In addition, the first time the patient is treated 
jt is wfll to let Juni first try the current on the palm of the land, before 
applying it clatwhcrc The reason for using powder is to take up the 
amount of perspiration dc\ eloped and to enable the electrode to slide easih 
o\er the skin Afost cables when new, can be hold to the handle of the 
electrode in the grasp of the operator When the insulation is worn, as 
often la the co'e thev slioiild be bold free from the patient’s body and 
close to the handle of the electrode b\ a loop of bandage, handkerchief 
or towel 

It is annoMHg to the patient to ha%c the cable brushing tho skin, 
but, even though the insulation is poor, he will receive no spark from 
the cable while the electrode is in contact with his skin IMien the 
electrode is being applicti or removed, lie may receive a hot spark from 
some part of the cable touching the skin, producing a burn The 
trodes should be cleaned with warm water after each treatment, keif’s 
careful 111 the non vacuum type not to get water into the electrode throug 
tho opening for the metal loop on top ith the skin powdered and t c 
electrode in place, the spark gap and rheostat nro graduallv increase 


to the deaircd strength of the current , 

In general this current is useful in producing hvperemia throug 
its thermal effect in the neck, the joints of the hand and foot and ot er 
superficial tissues, where dia^ennv electrodes are difficult to apply 
IS useful, as stated for stimulation of tho skin glands and, to a shg 
degree, for general stimulation along the spine In the latter ca'C a 
wide spark gap and low rheostat is used If the current is on befori' 
tht- electrode is applied to the skin it should bo applied very 
kept in fairly rapid motion, the excursions of winch must be great enoug^ 
confinuallv to cover an entire new surface of shin, otherwise some o 
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tie electrode i3 in con tant contact mtli the same area of the skin, re ult 
mgm overstimnlation The electrode mav be removed qnicklv with the 
full current on. It is not ncco* ar\ as is the case with diathermv, 
gradnalli to work the cum nt down before di'continiiinj: the treatment 

The subject of high freqnencv should not be di rai ed without a 
word rtgarding the mall tov machines with which the countrv is flooded. 
Efficacy m the treatment of almost everi ill the flc«h is heir to is claimed 
for them If potent as claimed the% would be dangerous in the hands 
of the laitv Thpre can he no question that thev hare the danger of other 
«iiiiilar procedures that of delay m proper diaguo ii and treatment of 
conditions where such dela\ mav be erious or fatal to the patient This 
cheap type of apparatus has onh a low frequency of oscillation, no 
T^nance or quality of current The current it produces resjmbles the 
nch smooth powerful current of a well made machine in the same wav 
that the tone of one cheap flddic rc embics the cumhmed strings of 
the symphony orche tra It is a afe rule m electrotherapeutic prac- 
tice, as el ewhere, that the bc't work can only be done with the best tools 

STATIC ELECTSICITY 

Definition. — Static is a form of electricity of extremely high voltage 
and low amperage It is developed bv friction is bard to insulate and 
has distinct polantr 

Uses — Static was cla iified under the mechanical currents Bv means 
of it we are able to produce mild and superficial or deep and powerful 
contractions of mo cle ti ue which is to some extent hared m by other 
types of cells «o that it has been at times called cellular ma age Bv 
means of no other currents or combinations of current* nor by the u«e 
of any other type of physiotherapy can like effects be produced to the 
amc degree In routine oSce practice there are a number of di advan 
tsges in the u e of this current among them are 

1 The expense of a well made and tardy type of machine 

2 The amount of room es cntial to its proper u e 

3 The awe and dread which the ize and power of the apparatus 
provokes m the uninstructed id this really most safe of all currents. 

4 The exploitation of the undoubted psychological effect of this enr 
rent by tho«e who do not understand it or its legitimate uses 

History — We are indebted to the late William J ilorton, who first 
ii^ed static about IS'-O and more recently to William Benham Snow 
Frederick DeKraft and ilajor Chris M S«ujip>ion of this country and 
^ J Turrell of England for the further introduction and standardixa 
tion of static electricity m thcrapfutic practice 



318 


ELECTROTHERAPY 


m the tissues immediately beneath the electrode and to a variable depth, 
depending upon the cfrength of the current This combined effect 
stimulates greatly skin-cell metabolism and the activity of the «kin gland* 
The general effect is due to the fact that the body is completely charged 
and di'char^ed ivith each oscillation of the current, as proved by a 
spark jump to a second person, if near contact is made This effect 
IS similar to, but slighter m amount than, the sistemic effect of diathermy, 
that is, there is a lerj slight tv arming of the body, a relaxation of ten 
Sion and a general stimulation to all cell metabolism It is not, as a 
rule, used for this general effect but onlv in local heat production, the 
stimulation of the «kin and closely underlying tissue being the usual 
indication for its u^e The two tvpes of current differ but little m 
their effect*’ 

Technic — The spark gap and rheostat are started at zero See that 
all connections are tight, the electrode firmly attached the skin dry 
and powdered In nenous patients apph the electrode before openino 
the spark gap one notch In addition, the first time the patient is treated 
it IS well to let him first fr\ the current on the palm of (he hand, before 
applvin^ It elsewhere The reason for using powder is to take up the 
amount of perspiration developed and to enable the electrode to slide easily 
over the skin ilost ciblo« when new, can be held to the handle of the 
electrode m the grasp of the operator When the insulation is worn, as 
often is the case they should be held free from the patient’s body and 
close to the handle of the electrode by a loop of bandage, handkerchief 
or towel 

It IS annoMng to the patient to have the cable brushing the skin, 
but, even though the insulation is poor, he will receive no spark from 
the cable while the electrode is m contact with his ’km iVben the 
electrode is being applied or removed, he may receive a hot spark from 
some part of the cable touching the skm producing a burn Th® 
troJes should be cleaned with warm water after each treatment being 
careful m the non vacuum type not to get water into the electrode through 
the opening for the metal loop on top With the skin powdered and the 
electrode m place, the spark gap and rheostat are gradually increased 
to the desired strength of the current 

In general this current is u eful m producing hyperemia througn 
its thermal effect in the neti. the joints of the hand and foot and other 
superficial tissues, where diathermv electrodes are difficult to apply 
IS useful as for stimulation of the skin glands and, to a slight 

decree, for general stimulation along the spine In the latter ca«e a 
wide spark gap and low rheostat is used If the current is on before 
the electrode is applied to the <vkiii, it should be applied very 
kept m fairly rapid motion, the excursions of which must be great enougn 
continually to cover an entire new surface of skm, otherwise some of 



STATIC ELECTRIGITl 331 

damp weather, ice and salt maj be used to condense wbat moisture has 
gotten into the michine It is advisable on drj, sunny days to take 
off the ends of the case and admit fresh dry air A yardstick wrapped 
in cloth and dampened with banana oil will clean and remove all moisture 
from the plates After several applications, however, a film may form 
on them which requires removing b\ scraping Each day the rods and 
terminal balls should bo gone over with hot flannel cloths keeping them 
bright and dry 

Charging — Place the charger chain on the opposite terminal after 
the ground wire has been removed Turn down the charger rod sep- 
arate the mall terminals ahuiit half or thr^-quarters of an inch and 
turn the charger handle rapidly After several minutes of spark dis 
charge across the terminals turn on the motor If the spark discharge 
keeps up after charging rod and chain have been removed and continues 
when the terminals ore eparated two or three inches, the machine is 
properly charged It may be necessary to repeat tbis procedure several 
times If still unsuccessful attention must be given to changing the air 
inside the case or cleaning the plates 

Polanty — Static is another type of current in which the polarity ef 
fects are distinct and of great importance There are three convenient 
tests for polantv 

With a spark gap of about three-quarters of an inch it will be 
noted that one end of the stream of sparks appears light in color, this 
denotes the po$itne pole 

When the terminal distance is increased to three or four inches, this 
light color appears at the negatne terminal 

Perhaps the most reliable test is to separate the terminals some four 
inches run the machine at full speed and approach the terminal with 
one end of a dry wooden stick The most convenient rod to use is one 
from one foot and a half to two feet in length The stream of sparks at 
the posttiie pole will follow the movements of the end of the stick at 
the negative pole it will not Tbo differential polarity effects will be 
stated in a description of the sepirate tvpes of current 

It must be kept in mind that the polmty may become reversed 
While this most often happens when the machine requires recharging it 
will occasionally happen from dampness without apparent complete loss 
of charge Jfo static treatment should ever be given without the operator s 
certain knowledge as to its polarity at that time 

Physics and Physiological Effects — The best types of apparatus de- 
velop a voltage ranging from 100 000 to 800 000 and an amperage of 
from to 2 milliamperes This evtremcly high potential and minute 
volume of current is not approached m any other type of electricity 
As stated the mam effect is that of tissue contraction not alone confined 
to muscles The current is diffused easilv rapidly and completely 
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Apparatus — The two prmcipil types of static machines built in tins 
country are, in the opinion even of foreign worhers, superior to any made 
abroad Thc^ consist of tno sepnratc compartments, jn the «ii:aller of 
which tiro revolymg gU^s charger plates with brass brush collectors are 
placed, turned either by band or motor In tbe larger section are a 
cones of glass or fiber plates amnged in pairs and reiolvcd practieallr 
always bv motor poner The size, immlcr ot purs niul po< ible «pecd 
of the plates, all are determining factors in tbo efficiency of the apparatus 
The t^pe of machine Iming been ebo en, the next thing to cou^idir 
IS its location The stitic mncliiiic ‘should be placed, if i>o«3ibIe, in a 
room by it«elf and in any etent, nt as tjrcit a distance ns po sible from 
the walls and other apparatus A point emphasized by Sampson is tbe 
proper grounding of the michinc He stites tint a ground wire should 
be suspended at least three feet above and one or two feet m front of 
tbe machine and should not come nearer than this di«tance to it In 
this way leakage is reducoil to minimum Connection from the groniid 
to the machine mav be made by using a piece of heavy copper wire three 
or four feet long uith a fleyible chain and hook at the lower eud for 
attachment to tbe proper pole of the apparatus It must bo so arraaged 
as not to swing do e to the other polo of the nnchine or to the patient 
on the platform Tlit other end of the ground wire may be counccteJ 
to a radiator or water pipe or to a copper rod driven into tlie ground 
Both the end of the wire and the object around which it is twisted should 
be freshened with emery dotb and the connection made tight by several 
turns or by soldering Loo&e connections quicklv oxidize, offering m 
creased resistance to tbe grounding of the currtut and interfering w*tli 
the efficiency of the upparatus The gromid wire should never be attached 
to the frame of the machine nor laid on the floor beneath it, as m thst 
way serious leaks of current are apt to o«ur 

An insulated platform of a'ood with glass legs should bo provided 
"While any wooden chair may be used, it is most convenient to have one 
of the adjustable reclining type made entirely of rattan m nhich no 
steel or other material is used A second grounding must be made by a 
flexible chain which will reach to tlie treatment platform from as nearlv 
as possible tbe opposite direction from the macbme 

Care of Apparatus — The inside of the cise mu t bo kept as nead^ 
damp-proof as possible by tightly fastening in each «cction of it 
addition it is neeeasan to keep drying material inside of both charger 
and plate sections ■^^e use for this purpose yooden lxixe«, lined and 
covered with unbleached muslm and filled about half full of dry lump 
lime The covering prevents the lime powder from being distribute 
throu'^h the machine "When this lime has absorbed moisture and has 
swoHim to the size of the box, it should he refilled TiirrelJ uses for tins 
purpo e shallow basins partly filled ynth sulphuric acid In particiil-iriy 
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Morton Wave — The ^ave ciirrcnt has been termed lonit., molecular 
and mass ma sa^e It is dependent for its effects upon the icry power 
fu! and evtremch penetrating vibritions produced This perhaps most 
valuable of static modalities was first de cribed by 'Morton m 1890 
It IS a decongestor of tissue removing and to some extent, breaking up 
exudate not yet firmlj organized For decp-tissue drainage no form 
of massage or contraction prodiucd by other currents can approach its 
eiEciency 

2 realment Technic — The negative pole is grounded, and the electrode 
ronntcted to the patient is attached to the positive pole The wave may 
bo given with or without the use of Levden jars In commencing, the 
treatment should b« moderate and the spirk gap quite short The bc’t 
electrodes for general aise arc the composition metal twenty two gage 
reeommcndt^l for diathermy A number of these niav be cut m vary 
mg sizes and shapes using a clip to attach them to the wire or inserting 
a hook through a hole made m the longer turned back end of the metal 
A broad U shaped electrode to exclude the patella is convenient for 
applications over the knee One electrode may be lit from the middle 
of one end and overlapped to fit the point of the "lioulder It la not 
nece sarv to obtain the perfect contact required in diafhcrmv, altlioueh 
a reasonably good contact and the u c of warm soap lather makes the 
treatment more comfortable for the patient Morton wave is never applied 
over bony prominences 

The physiological effect of the current is moditcd hv a number of 
factors The best rate of «patk jump and con eqiient tissue contractions 
18 three to four per second This rate is maintained when the spark 
gap 18 gradually lengthened by sfcadilv increasing the speed of the plate 
revolutions It is customary to find in treatments of tender areas that 
the patients tolerance gradually increases so that a wider spark gap 
with deepened effect can slowly be obtained without increasing dis 
comfort 

The local effect produced is proportionate to the width of the spark 
gap and inversely as the size of the electrode A good insulation of 
the platform is e sential to the eeunng of a good result The length 
of the treatment varies from ten to twentv minutes It is unwise to use 
the wave current in an attempt to break down organized exudate, such 
as that follow mg a muscle bruise unless it has been preceaed by diathermv 
Eicudates near the smaller joints and in tendon heaths are better 
reached by means of the static spaife Sneh organs as the liver, spleen 
and pro tate mav bo easily and efficiently treated with the wave current 

Sparks — The sparks are appbed to patients bv the direct and indirect 
method The direct method is not as efficient is more stinging and 
painful and used only to reach deep-seated Wions The platform is con 
nected to the negative pole the positive side grounded The ball elec- 
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throughout +Ec entire bodv and through the air niid other relitirely poor 
conductors This diffusion 13 dependent upon the second mam qualitv 
of the current iiameh, its tremendous voltage or potentnl ami is shown 
bj the raising on end of the hair, and in many otlier ways Ihis raising 
of the hair is due to the fact that, the hnir being charged with the same 
polarity as the rest of the body, its free end is repelled by this like 
charge In the contraction of muscle tissue it is not ncccssnrv to pay any 
attention to the motor point as the perfect diffusion and high potential 
affect the entire muscle and enailj proiliice a good contraction I hive 
spoken in other sections of the often neglected hut important point of 
reassuring the pitieiit cspccnlly when, for the first time, an electrical 
current is applied to him There is no tipe of current in which it 
is so essentiil to perform this dnlv as it is m the case of tho«e denied 
from the static michme To carelessly inform a patient that he is about 
to receive some half nuUton volts of clectricit>, without cxphiuing the 
freedom from danger which the minute amperage of static assiin*, » to 
be unfair to him Abaolutclj no ill effect, other than an unpleannt 
sharp minute blow from a spark, can be obtained from this apparatus 
The spark is a cold one The hand may be held between tho terminals 
with impunitv Hatches cinnot be ignited in the pathway of tho «park 
Again, I repeat, it is the safe&t of all elettncal modalities u«cd m medicine 

When giving «parks, I often explain to the patients that it has a 
slight stingino character, quite similar to snapping an elastic bind on 
the skin, with no bum or after pun It is often found that pam 
tende^le ^3 from preaious tissue engorgement is so greatly rclieiod that 
patients request more sparks rather than fewer Xhe other tvpos of 
static if properh guen, are not m the least unpleasant Some writers 
advise giving milder ta pcs fir&l, even though they niaa not ho as 
in order to accustom a nenoiis pitient to the apparatus before u«ing 
apirks I have found this unnecessary and prefer to use very «hort 
indirect sparks gradually increasing them to the required seventy This 
contractile effect is that of prictieally nil types of static modalities 
and their minor differences will be dcscnlud separately under cich tvpc 

All static modalities, raise blood pressure somowlint and should he 
avoided in cases of marked hypertension Its employment m low gvstohe 
pressure and associated conditions is distinctly indicated 

The patient should remove all steel which touches the skin Garter 
clasps, hairpms and steel ribbed corsets should not ho worn 
ouerator and patient should lay aside their witches during treatments 

Hodauties 

The different types of current derived from a static machine include 
wave, sparks, effluvo, induced, and simple charge 
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sprains without rupture of ligaments, are improTed with astonishing 
rapidit\ A certain general toning up effect upon the general nervous 
<iv«tem follows i treatment of sparks along the spine 

EfQuve — The stitic effluve hn» h blue pencil or breeze, produces 
CTtremclj mild 'ind more or less, snperhciil contraction of tissue Its 
effect is distmcth sedatne when e,iien b^ tbc ordinar\ method It may 
be made rather irritating when the electrode is applied clo<elv or through 
the clothing The ••ensition which the patient receives is that of a cool 
breeze striking the skin 

Treatment Technic — The tormmals should be opened to their fullest 
evtent The positive aide is ^rounded The shepherd crook hold hi 
the patient or placed on the pHtfoim is connected to the negative pole 
Quite a variety of elcctrodis hive been used in giving this form of treat 
ment The DeKraft pencil is to be preferred for all general use It 
consists of a fiber cjlmder filled with asbestos, at one end of which is 
a blunt brass point and at the other a ring for connecting it with the 
second round chain TVillow or ash sticks hare also been used Where 
It is desued to diffuse the effect produced an ordinarj whisk broom mav 
be used as the electrode A loop of the second ground chain should be 
held in the grasp, while the clectrcnle or the chain may be partly wrapped 
around the operator a bodv Tbc point of the electrode is held at a vary 
tng distance from the skin, depending upon the amount of current, usuallv 
about three inchca awai and moved ratber rapidly by the flexion and exten 
Sion of the wrist 

Boiidet of Pans found that the area of superficial skin effect was 
about one and one-half times tlie distance between the electrode and the 
body Therefore it is concentrated by close approach The bluish 
color which appears between the point of the electrode and the skin is 
probably due to electrified dust particles which become fluorescent A 
crown piece with brass points on a stand may bo used to localize the effect 
on the head, and when given to women patients all combs and hairpins 
must he removed and the hair should be braided It should be placed 
quite a few inches from the top of the head The effluve current is 
especially useful in acute nerve pam to gently remove tissue congestion 
over bony prominences and in locations where wave and sparks are diffi 
cult to apph A tvpical example would he its use to promote absorption 
of the hemorrhage in a ca'^e of black eve The use of it to promote the 
healing of wkers has been recommended but Ibis i3 better done by 
other means Headache and insomnia paibcularly when associated with 
low blood pressure are amenable to treatment by the static effluve 

Induced Current — This tvpe of current first described by Horton, 
is also used to drain tissues It is applied by the bipolar method the 
patient being connected with the outer two coats of the Leyden jars 
the inner coatin^^s of whicli are connected to the terminals Its local 
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trode with handle is applied from the second ground chain for direct 
sparks 

Indirect Sparks — This is the method commonly used Its effects are 
much more sharply localized than with the wave current, but the effect 
of muscular and cellular contraction is much the same 

Treatment Technic — -Snow connects the positive polo to a metal plate, 
some ten bj fourteen inches placed upon the platform, and grounds the 
negative Samp«on Turrell and others appl^ the shepherd crook from 
the negative pole to the platform with the positive not grounded In 
every case the spark is givtn from the ball and handle from the second 
ground chain The intensity of the opark inav be modified bj larying 
the speed of the michine, by opening up the main terminals or by draw 
ing off part of the current through the operators loot, pliced close to 
the platform or resting on the edge of it The vider the spirk gap 
and the faster the machine is run, the longer iiicl more, powerful will 
the spark become The hook from the second ground chain should bt 
attached to the ring on tlic handle just below the bill, and a loop of 
the chain held in the operator’s hand If the grounding is good, be will 
feel no effect from the current as applied to the patient , otherwise a 
light cramping of the wrist will bo felt, in which case the groundiug 
should be changed 

It 18 essential to deliver to the patient but one spark at a time 
A shower of sparks on one area is unduly painful Skill m acconi 
phshing this comes, of course with practice, but may quickly be attauuxl 
if the ball electrode is moved rather rapidly through a semicircle Wbeu 
this is done, usually onH a single spark will occur in that segment of 
the movement closest to the patient’s skin One should pass by, rather 
than toward, the surface being treated A senes of running sparks 
may be given b> rapidly moving the electrode parallel to the surface of 
the patient’s body and at the proper distanm from it Here the sparks 
on different parts of the surface are not particularlv painful Better to 
localize the spark, the loop shaped director, recommended by Snow, is 
most valuable In this case the semicircular movement may be described 
on the «houldcr of the director several inches fiom the patient’s bodi 
and the effect is exactly the same 

It adds greatly to the comfort of the patient if the «ipark3 are given 
in regular rhythm so that he is prepared for tlio alioht shock which thev 
produce Again it should be emphasized that all organized tissue 
exudates should bt treated with some efftctivc form of he it liefore nsiiia 
sparks Sparks are extremely unplca&ant over bon> prominences, and 
thev should be avoided if possible The relief from pain experienced 
after application of sparks to congested tissue i« m a large measure 
that of the relief of pressure on nerve endings JIuscle spasm of 
types, with its a sociated pain, is quickly relieved hv sparks Joint 
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Haprt Eaton Stewabt 
LIGHT THERAPY IN GENERAL 

History — The application of liplit m the treatment of disease is men 
tioned in the earliest medical writings extant It disoppeartd from me- 
dieval literature to reappear onlr shortlv before the hifpnuing of the last 
centurj \inong the early writers the Ironch took -i prominent part 
ibout the middle of the nineteenth century wt begin to find definite recom 
menilations for the use of bunli^ht in tuberculosis, arthritis rickets and 
other conditions ToMarrl the clo«t of the centur\ Finsen and Eollier 
added much to our knowledge of heliotlicrap> Recenth, nork of \iliie 
has been done by T Howard Plank of Chn.aa;o Fdgar Majer, of ‘>aranae 
Lake, Major Chris 11 Simpson of New lork 1 irp,il 0 Rinnej of 
Wellsville Nett lork ^ J Pacini of Chicago and others In attempt 
in^ to simulate the healing power of the sun Finsen Arons and Cooper 
Hewitt did valualle research work 

Physics — It i« extremeK difllcnlt to diiide plntothenpv into con 
lenient sections since unlight ndiant light and to some extent ultra 
violet light overlap in both phiaics and philological effects A brief 
consideration, however, of the entire ran^,c of light iibrations will form 
i foundation upon which a short diocussion of these indii idual differentos 
may be based 

There art light vibrations, innsihle to the eio hut potent in thtir 
phisical effects at both ends of the spectrum Below the visible light rais 
ire the lurtzian waves of extreme length up to sticral hundred feet with 
slow vibration rate Thest arc the agencies concerned in wireless trans 
mission Next we come to the infra red or burning rays which range from 
000 down to 800 millimicrons m length and are quite penetrating and 
heating in their effects The visible spectrum rangin^, through red orange 
Vellow green blue indigo and violet color extends from about 800 down 
to 400 millimicrons Next we enter the field of ultraviolet radiations 
Those contained in unfiltercd snnL^t extend down to about 300 milh 
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effect IS tint of the static md it Las a somewhat general tonic effect 
It IS easih applied to two parts at once such ns the two knees or bilitcral 
muscle croups The ordinarj galvanic or high frequency electrodes mav 
he used The tcrmiinls hung first closed, and liter opened to the re- 
quired distance, the patient receives wiudiroctional condenser discharges 
It IS not rcilh a tape of high frequency current, as has often been 
9uppo ed 

The Simple Charge — The uae of the sime machine “set” and technic 
as for effluro hut without drawing off anj of the c irrent through the 
second ground thaiii, protlueis this tajic of current The pitient, there- 
fore, becomes highlj charged, the ciipn-iit leaMiig his hoch by diffusion 
through the air This current is used to promote sleep and to raise 
blood pre-isure and for niild general tonic offtcts 

The writer is aware of the «»ppo<cd difSciiIties in the use of static 
electricity and that it has been hard to obtain simple concrete directions 
as to Its u«e lie has aftciupfeil to suppU these The beginner m the 
use of static electncitj will verj quickly overcome his diffidence in 
handling the machine and become impressed with the results he is able 
to attain in properlj selected ca cs 
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but merely tougbens the shm, and that the greater therapeutic results ob- 
tained in nil irradiation of tho e who tan ire due largeh to the increased 
absorption they possess to the hcht rajs light penetrates easily to an 
inch and an eighth, some to an inch and n quarter, but in none of his 
mann eypenments did anv li 5 .ht penetrate an inch and a half of human 
tissue lie calls attention to the fact that this degree of penetration is 
sufficient to reach the surfaces of the smaller joints, to pa«s through n 
thin abdominal wall, and that it will certamlv reach sinuses, the middle 
ear, some of the mastoid cells and other locations where clmicalh light 
has proved to be therapeuticalK effective 

Absorption — ^There can lx* no question that ultraviolet ravs whether 
obtained from direct sunlight or quartz lamps, are absorbed bv the blood 
stream and set up photochemical reactions throughout the bodj which 
have rather marked effects The enaiti/ation of cell protoplasm induced 
bj the action of light vibrations on cert no cells undoubtedly accounts 
for tlie lethal effect produced on bacteria Sampson was able to affect a 
ecreened photographic film applied to one portion of the bod\ after the 
exposure of another part to ultraviolet light Manv general effects re- 
sulting from exposure to the longer wave-lengths, tjpified bj the red 
ravs are merelj those of heating tlio blood stream although an increase 
m certain blood elements has been thought bv somt investigators to be 
present Similar increases in tho ixd and white cell count, however have 
been found at high altitudes without exposure to the sun also after 
irradiation with sunlight or artificial light through glass in which tho 
ultraviolet ravs were entirelv lacking like increases have been reported 
Much work remains to be done before the exact effect of light on the cir 
culalion IS made clear in detail 

Pigmentation — This is to a certiin extent a protective phenomenon 
on the part of the bodv evoked bv all light but most intensely proved bj 
the action of ultraviolet light on the skin The nature and etiology of 
tho process is not vet well understood 

Miitli those few general consider itions wc will tuni to the various tjpes 
of light administration to the body and consider more in detail their dif 
ferontial effects 


HBLIOTHERAPy 

Sunlight contains a small percentage of red rays some 80 per cent 
vellow and green per cent blue and a small and quite variable pcri-ent 
sge of ultraviolet The ultraviolet rays are easilj destroved or made 
ineffective bv moisture dust and organic matter in the air They are 
J^eatest in amount in the noonday sunlight Thev v ary with the season of 
the year and in general come through m richer amounts m high clear 
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microns and the shorter wavelengths derived from mercurj quartz lamps 
range down to about 100 Bejond that lies a field of vibrations as vet 
unexplored and unknown, then the alpha, beta and j,amma emanations 
from radium and, finally, tbe X ra^ There is throughout this entire scale 
a steadj decrease in wavelength and i corresponding increase of rapiditi 
of wave vibration rate It ma^, m general, bo stated that the Hertzian 
waves are the most penetrating, X ra> and radium next, then visible light 
and, least of all, ultraviolet With the exception that most experiments 
on ultraviolet penetration are based upon vascular red tissue, recent ex 
periments are modifying our idea of the apparently slight degree of 
penetrability with which they have been credited Ifany points in the 
physical effects of light are extremely involved vnd the writer is only 
attempting to describe the mam effects in the simplest possible form. 

Penetrability — Several investigators have claimed that red ravs 
penetrate quite deeplv into living tissue Yellow and blue rays penetrate 
somewhat less and ultraviolet ordinarily do not go fnr bevond the super 
ficial lavers of the akin Kurnev and Shamberg hvvo been able to effect 
photographic plates through the hand and through the cheek with ordi 
nary incandescent light Bv far the most painstaking and accurate cv 
periments m the penetration of light have been done b\ Virgil 0 Ivinnoy 
and a thorough midcrotauding of tins subject is hardly possible without 
examining, at some length his results He built a lightproof box and 
with the use of carbonized putty was able while using it, both with the 
photographic film and the fluoroscope, to exclude completely all light not 
coming through tho part under examimtion In using the body of a 
fish he found the usually believed order of penetration, greatest with red 
ravs and least with ultraviolet, to be reversed ind he concluded that tluro 
would be a uniform increase in pcnctrabilitv from tbe red mvs clear 
through to the X ray increasing in proportion to the rapidity of vibn 
tion, except that the blood acts as a red filter screen espeuvllv to hvndi 
cap the ultraviolet band The conclusion has been confirmed bv demon 
strating the penetration of the ultraviolet ravs with compression of the 
tissues, thus creating an anemic arex m front of them Light does not 
penetrate directly in proportion to the candle power, ilthougli with the 
more powerful lights it is somewhat greater in degree than with weak 
lights Natural sunlight gives a greater amount of penetration than anv 
artificial rays, except radium and X ray Of unusual interest arc the 
results be obtained in the relative penetration of light through three hands 
from blond, brunette and negro which calipered to exactlv the same 
thickness In both fluoroscopic and photographic tests the penetration was 
greatest in the negro Jess in tbe bnmetto and least in the blond individual 
The human retina can detect li^t ravs coming through which do not 
fog any photographic plates at present obtainable He concludes that 
pigmentation is not a protective mechanism against light penetration, 
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much more than the light or auburn Upc The initial exposure is roughlj 
four to ten times that of quartz light and should \arv from tuehc to 
thirty minutes with file to ten minutes dailj increment m tho e patients 
whose tolerance is built up ripidl> hi training Another method of get 
ting the patient accustomed to the treatment is to zone the bodv Expose 
tho leg, then leg and thigh then the hips, and so on until the entire 
body, front and back, has been exposed Maximum time may be extended 
to several hours with those who tan readily K cool sponge bath and 
brisk rubdown with a rough towel should follow all genrral treatments 
(for further details see article bv Prsoi) 

Mirrors ma\ be u ed to concentrate the light effect in a shorter space 
of time Direct exposure of the ebest is avoided where there is any fever 
Indications — Hehotherapv will bt found mo t valuable in those 
localities where the sun is shining a large pirt of the time and where its 
ravs are richest in ultraviolet Ivht It is indicated in pncticslly all 
forms of tuberculosis with the exceptions noted above, m rickets, anemia 
and certain slow healing wound* Cc tvm investigators found that good 
results were bein^ obtained iii lidlv infected wounds in sections of South 
America, even in spite of lack of scrccniiij, Mayer calls attention to 
the part the air hath pUvs in the healing process 

Contra indications — There are i number of conditions which either 
absolutely contra indicate solar irradiation or modify very materially the 
amount of dosage ordinanh given Thesceynditions are 
Active pulmonarv tuberculosis associated with fever 
Hemophilia and hcmoptvsis 
\ alvular heart lesions of anv marked degree 
Marked general nerv ott» conditi m 
Albuminuria to any considerable amount 

Skins extremely sensitive to ligbt show a solar eczema or Hutchin 
son’s prungo 


RADIANT LIGHT 

Definition — Radiant li^bt consist* lar^eh of the luminous rays from 
the arc, carbon tungsten or nitrogen filament limp This light as gen 
erated by the electric current, contains some of the intra red rays and all 
of the wave-lengths of the spectrum Since the filament lamps are alwiva 
enclosed in glass bulbs we may assume that no ultraviolet ravs pass 
through the glass and reach the patient Tlie color of the glass has 
probablv but slight influence upon the therapeutic effect of the light 
The ravs transmitted through red glass are slightly more irritating and 
burning while those through blue glass are less irritating and sli.,htlv 
analgesic This selective effect of color, however is greatlv exagoCrafed in 
the claims made for certain lamps 
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mo'untain aiT If sJiouW 6e tOT\stantly ktpi tn mind lhal ffip sT^orltr ra^a 
ivill iioi penelrate glai^ or iht thinnest cation or sill cloth. 

Physiological HSects — As tiould W e^pfcted, plnsiologic I e^ecli 
■varj somewhat with the vanmg ultraviolet content in the sunlight. The 
local effect upon the shin varies mth the dosage Laroqiiete has eh^’ilv 
described the effect of the ««Ur raja on the shm as foHowa When the 
exposure is mild in tvpe and of short duration, there is produced a mill 
erjtliema which disippenrs after the exposure If the duntion is sufft 
cjent, this priman entliemi rcmnns and is due to the effect of the heat 
ravs, similar in effect to those from hot air or other thermal sources 
In longer and stronger exposures the epidermis is affected the light 
riTS, espccialU h^ the jnojc rjpidli vibrating ultraviolet band, produc- 
ing slight capilhn extraviSsition of blood under the skin and followed h\ 
pigmentation, \ar\ing vritli the mtvnsiU of the exposure Still longer 
exposure results vn. a real dermatitis of painful t\pc with exudation and 
exibhatiou Prolonged exfiosurc gives i tvpical first degree burn wifi 
necrosis of tbo epithelium, con^cstjon nnd dilatation of the bloodvessels, 
hemolvsis, edema and extravasation of blood pigment into the tissues Eo 
pelted ixposures of modentc duration, superimposing one burn oa an 
other mav produce an 'iccumuHtivc bum of considerable seventv or the 
skin may become pigmented and immune from further burning The 
general svstemic effects of propcrlv grided doses ire, oa n rule, an mcTCis- 
iDg hemoglobin percentage The enlbrocvtes often show a atcidj 
crease immediate leukopcnu is followed bj a leukocytosis and 

gradual letuin to normal Ibere vs a general increase in all the assimila 
ti\o and eliminative processes of the body 'lome of this general tnnic 
effect must, undoubtedh , be attributed to the associated fresh air wiici 
patients under this tjpe of treitmcnt receive 

Technic — With propcrlv constructed wind breaks, patients mav bi- 
treated through a large p^irt of the jcvr even in a climate is severe a* 
!N’ew England, providing tlej become hardened to it during the nuldcr 
months Special caution to prevent chilling is necessarv at first The 
head should be protected t small screen The treatments, to be ef 
tiiacious, requite that practically the entire bodv be exposed to the direct 
rajs of the sun Leonard Woolsev B icon, m his treatment of tuberculous 
ex service men, has devised an inexpensive arrangement easily built on 
any hospital roof or porch It consists of two long cro°s beams notched 
in pairs throughout their entire length to hold the handles of the ordinary 
armv litter with a circular bead xcreen of wiro covered with ordinary 
muolin which fits into the Bead beam The portability compactnc s and 
cheapness of such an arrangement should allow for the treatment of luanV 
patients at the same tune, with the expenditure of verv little monev or 
effort The initial exposure and amount of dailv increment must depend 
upon the patient’s tolerance to the sun The dirk complcxioned tand 
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rajs, ultraviolet light as before stated not Ixing present Spasticity of 
superficial muscles may be greatlj relieved 

General Effects — These are doe- to the Ixbciation of beat and mild 
stimulation of the sympathetic nervous sjstem increasing slightly all the 
metabolic processes of the bodv The relief of deep-seated pain has been 
repeatedly demonstrated clinieallv but a ‘Sitisfactorj scientific explana 
tion of it has yet to ho evolved The claims made for the effect of lumi 
noils rays upon the blood count are varied and for the present must he 
discounted 

Apparatus — ^ wide vanetj ol radiant lulit ippvntiis is at present 
on the marhet varving from small portable 100-candle power lamps with 
reflectors to 2,000-candle power lamps 
on adjustable stands For home use the 
smaller lamps are quite efficient but lor 
cvten«ive clinic hospital or office prac- 
tice the larger lamps are to he pre- 
ferred There ire also availabh a num 
her of tvpes of apparatus cootaming 
from two to sixteen small carbon bulb 
adjustable in various wavs, to place 
over a certain part of the bodv bomc 
of them are well built with swit< bes con 
trolling a given num'er of lights but 
thev have been largely superveded bv 
the use of the more powerful single 
bulbs It IS important that the lo- 
fiector should be o arranged that the 
light Will be properly focused on the 
patient s skin a given distance from the 
lamp usually twelve to eighteen inches 
If this focal distance is mamtamtH 
there is economv m the use of the lamp 
For general body treatment a large 
variety of bath cabinets have been man 
nfaetured both with and without leflectors and ventilation The number 
of lights in these cabinets vanes from forty to one hundred The re- 
flectors used should be so arranged that the rajs do not overlap There 
is probably no particular advantage m having such a cabinet ventilateil 
during treatment Tho'ie cabmtts lu which the patient is placed in a 
horizontal position are to be preferred to other tvpes 

Carbon Arc Light — This tvpe of l»„bt is not glass covered and con 
^ins a certain proportion of ultraviolet ravs It has been developed bv 
Finsen in the Copenhagen Institute Flviii<» particles of carbon prevent 
the treatment of patients directlv under the light. Four telescopic tubes 
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Therapeutic Effect — There can be no question of the fact that lumi 
nous rays penetrate to a depth of nearly one and one-half inches through 

ordinary ti sue and 
some writers claim far 
greater penetrative 
poucr Vlmobt all of 
the radiant cuerjv is 
undoubtedly cliaii^ to 
heat in the ti'sue , anl 
this heat is liberated as 
deeply as the rays pene- 
trate Turrell tates 
that in clinical practice 
he detects little or no 
difference between the 
effects of radunt heat 
admmi»teri.d hr 
baths and the effect of 
the convective heat of 
the hot nr bath, or con 
ducted belt bv means of 
the direct application of 
other substances to the 
skin He states thit the 
comemeiice of the cIe^ 
trie light ns a mode of 
apphcatiou is all that it 
h IS to commend it above 
the other methods It 
IS doubtful whether any oth»»r form of heat except diathermy penetrates 
actively va cular tissue to the depth of radiant light The qualitative 
effect of light upon the «km and sen«ory nerve endings is probably definite 
and greater in the case of the radiant energies Other writers, notablv 
Kinney and Snow, state that the effects produced upon metabolism cannot 
be explained on the basis of the heat production alone 

Local Effects — The e are mainlv the intense stimulation of the skin 
and skin glands consequent upon the marked degree of hvperemia m 
duced in the skin and subcutaneous tissue to the depth of the light pene- 
tration The analgesic effect of li^t is very marked and constitutes one 
of its main therapeutic indications. This effect too, is produced m pro- 
portion to the amount of heat developed Its bactericidal effect, especially 
on anaerobes, is great though this effect is less marked than with ultra 
violet irradiation A slight loinl pigmentation of the «kin follows re- 
peated exposure to radiant li^t and is probably due to the blue and violet 
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in saving that, m general, radiant light is more effeetiie and has none of 
(he disadvantages of manv of the forma of external heat application still 
so commonlj used 

Contra indications — There are no real contra indications for the u e 
of radiant light except -where its prolonged use might delav the application 
of the properly indicated surgKal midic-il or other physiotherapeutic 
measures For this reason, if lor no other it belongs together with all 
other potent phvsical agencies, in the hands of the phibician 


ULTRAVIOLET QUARTZ OR ACTINIC RAYS 

Definition — Ultraviolet rays are the invisible light vibrations, be- 
tween 400 and 100 millimicrons in length 

History— In 
Arons -was able to elec 
tnfy mcrcur-v vapor 
and produce a light en 
tirelv lacking m orange 
and red ra\8 Some 
years later, Cooper 
Hewitt perfected such a 
lamp in i glass vneuum 
tube Heraeus I\.ro- 
oayer and Nagel 
sobmidt nere collective 
ly responsible for the 
perfection of the quartz 
burner and the employ 
ment of this lamp m 
therapeutics The per 
fection of the tungsten 
mercury burner and im 
proved methods of fus 
ing quartz making pos 
Bible applicators with 
various curves and 
angles and portable 
water-cooled lamps, are 
recent developments of ® — Mebci ki T i.i.cvrEif Aircooled Ui.tbavioi.et 

great value Lamp with rEcxieics axo Local Applicctob 

Physics and Physiological Effects —Sunlight contains the longer 
u raviofet wave-lengths those down to about 00 millimicrons the thera 
pen 1 C effect of which has been already considered in oonnection with 
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are used to conre'V the Iipht to patients around the lamp Its effect rather 
closelj resembles that of snnli^t Since the apparatus is ttpensive and 
cumhersomo, its use is decreasing and no further space will k taken up 
with the special technic in^ohed The writings of linger, Fmsen, Hess 
and others arc recommended to those who desire detailed knowled^ re- 
garding the use of this t\pe of limp 

Technic — The t^pe of lamp ‘selected will mturilh depend largely 
upon the indications presented The 1,500 or 2,000 candle-power sm le 
bulb has several ndiantages The patient maj shift his position, both as 
regards distance and direction, without the help of the operator ho sat 
isfactorj general elimmition, hoMtier, may he secured with the u e of 
this type The body cabinet bath alone will do this yyork properly The 
distance should he determined by the skin tolor mcc to the candle power 
used The time of the treatment depends not onlv on the indication 
but upon yvliether or not other tjpes of licit, such is paraffin bath, 5u> 
face high frequency or diitherm^, arc to be used m conjunction with 
radiant light Where the entire heit effect is to be domed from radiant 
light, from tyventj to forty minutes is the rule, otherwise, as short s 
time as ten minutes mi) suffice In the body cabinet bath it is well fo 
keep the head constintlj coycred in a toyycl dampened with cold water 
and to terminate the treatment immcdntely yyhen there is undue rise 
of temperature or pulse, or soon after profuse perspiration has dcyelopei 
Tyrehe to twentj minutes should constitute the iverage treatment Some 
mild tonic tjpe of hydrotherap) or a rest period is idrisable before (be 
patient is allowed to go outdoors 

Therapeutic Indications — Ividnnt Iiokt is uscil as a prcliminsry 
measure to ma sage and other forms of physiotherapy To relieve pai“ 
m a wide yariety of conditions it has no equal in efficieucj and ea c of 
application It is to he preferred to (he old fashioned poultice oi its 
modem prototype m cases of local infection, preceding incision or the 
applicition of ultrayiolet or X ray It is used to bring about surface 
hyperemia for greiter systemic effect by absorbed ultrayiolet riy*, m 
ticalh all general treatments from aircooled quartz limps There area 
feyv jjidicatjoiis of special value iviiicb should bo mentioned separated 
In acutely inflamed joints yyhere other physiotherapeutic meisures 
not be borne, radiant light may be used for hours for its analgesic effect 
In congestive pain in the middle ear or sinuses prolonged treatment by 
light has proyed very efficacious In the relief of erythema solare, fro® 
prolonged «un or ultnviolet exposure it Las piven good results 
following optratiye incision may be safely conveniently and to i verv 
large extent relieied, by prolonged and distant radiant light application 
The general indications for the ise of ridiant light as given arc so manv, 
it 13 so easy and convenient to apply and io thorapeiiticilly effective that 
it is certain to receiye increasing attention and use I haye no hesitation 
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in saying tliat, in general, radiant light is more effective and has none of 
the disadrantages of manv of the forms of external heat application still 
so commonly used 

Contra indications — There are no real contra indications for the use 
of ndiant light, except where its prolonged use might delay the application 
of the properly indicated snrgicil medicil or other physiotherapeutic 
measures For this reason, if for no other it belongs, together with all 
other potent physical agencies in the hands of the phvsician 

ULTRAVIOLET QUARTZ OR ACTINIC RAYS 

Definition — Ultraviolet rays ire the invisible light vibrntions, be- 
tween 400 and 100 milliimcrons in length 

History — In 18'12, 

Arons was able to elec 
tnfy mercury vapor 
and produce a light eu 
tirely lacking in orange 
and red rava Same 
years later Cooper 
Hewitt perfected such a 
lamp in a glass vai’inim 
tube Heraeus Kro 
m&yer and ^.agel 
ohmidt were collective 
ly responsible for the 
perfection of the quartz 
humer and the employ 
ment of this lamp in 
therapeutics Thp per 
fection of the tungsten 
mercury burner and im 
proved methods of fua 
mg quartz, making pos 
sible applicators with 
various curves and 
unglcs and portable 
water-cooled lamps are 
recent developments of 
great value 

Physics and Physiological Effects -'Sunlight contains the longer 
ultraviolet wave-lengths those down to abont 300 millimicrons the thera 
P utic effect of which has been already considered in connection with 
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lieliotherapy The mercury vapor quartz light contains these longe? raj 3 
and, in addition, is nch in the shorter, more cbomicall} active wave- 
lengths, nmning down to alwut 190 millimicrons The still shorter 
iibration lengths are not vet available for tlierapeutic purposes The pro- 
portion of ultraiioret raja m the common tjpes of light have been tabu 
lated as follows 
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Penetration — Ultraviolet raj«, even m pure qiialitv from an air 
cooled lamp, onlj penetrate i very short distance, because of the red 
filter screen action of the hcmogfobin before mentioned Under com 
pression from surface quartz applicators or other means, the depth of 
penetration is very much greater, probiblj one-half to one inch according 
to the completeness with which the tissue is made inemic It must be 
recalled that these actinic rajs will not pass through ghss, paper, thin 
cloth or ointment but will pass quite readily through stenle water 
Variation — There are eertam fundament'll differences between the 
quality of lights which emanate from the water-cooled and the air-eooled 
burners The radiations from the aircooled lamp are predominanth the 
longer ultraviolet wave-lengths Thej are more penetrating, are absorbed 
in larger amounts and stimulate metabolic processes 

From the water cooled burner we get a larger proportion of the short 
or far ultraviolet wavelengths It is this band that is most activeh 
germicidal The penetrative power of these wave-lengths is not as great 
and thej are not as stimulating to metabolism 

With the use of either tjpe of lamp there are certain factors winch 
cause the expected result to vary 

The dust moisture and organic material in the air, which at tnne^ 
so markedlj reduce the ultraviolet content of sunlight mav m 
manner effect to some extent the quantitv of ultraviolet irradiation the 
patient receives from the lamps A more important factor is the vans 
tion m and the amount of electrical current A compantively slight 
change m electrical strength may result id rather wide variations m ultra 
violet output amounting at times to as much as 15 or 20 per cent 

Local Effects — These vaij according to the make and tjpe of liiiip 
used, time, distance, and individual susceptibility of the skin to these ravs 
Ordinarily, no heat is felt and no perspiration induced The skin maj 
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react all the waj from the faiutoat ervtheina to a complete first degree 
bum The latter is, hovie\er, the most severe local effect it is possible 
to obtain and is insignificant in compinson to overdosage bv X raj or 
radium applications 

In modfratelj severe doses the following histological changesjin the 
skin have been found There la dilatation of^both the superficial and 
deep skin capillaries The epidermis maj loosen and blister The nuclei 
of the skin cells show division and the Ivmph spaces become dilated In 
mild doses there is onlv a modeiate dilatation of the capillaries The 
erythema does not appear for several hours after the treitment thereby 
differing from the heat erjthema which appears iramcdiatclv Pigmcnta 
tion of the skin usually begins on the second or third d iv is steadily in 
creased by repeated doses and protects the skin from further erjthema 
or blistering The eaact effect of the raws ou cellular activitj is not 
definitely known The shorter vvive-lengths are those which produce 
most marked changes in cell protoplasm This is cspecialh true of their 
effect on microorganisms ^vie found that the parameciiim when ex 
posed to euhlethal dosis of ultraviolet ravs, became so sensitized to heat 
that thej were unable to withstand for n full minute ft degree of tempera 
tur© which was optimum for controls H« concluded that death was 
due to beat coagulation after sensitization bj the light Other investigators 
have found cell protqm to be less soluble and moro easilj precipitated 
after exposure to light Einaen confirmed the bactericidal action of actinic 
rave in his work with lupus Bacteria have been killed at a depth of 
IVi millimeters and their virulence markedly diminished at a depth of 
4 millimeters The tubercle bacillus loses ita staining properties verj 
quickly when exposed to ultraviolet ravs and is killed m a short time 

Tho skin dosage is roughly classified as stimulative (mild), regenera 
tive (medium) and destructive (severe) erjthema 

General Effects —It is extremely difficult to give a vlear-cut and con 
servative estimate of the general effects of ultraviolet light upon the body 
We are eager to hav( our clinical results confirmed bj exact scientific 
demonstrations but unfortunately there is not as yet, entire unanimity of 
opinion among those who have investigated this subject It i« m gen 
eral, found that there is an increase m the percentage of heraoglobin 
and in the ervthrocvte count a temporary drop in the number of white 
colls, followed bv a fairlv permanent increase and a building up of the 
resistant forces of thi body toward all tvpis of infection This is the 
usual result reported also in the clinical use of general ultraviolet treat 
ments 

There is often a relief from pain out of proportion to the minute 
amount of heat produced and to the possible coiintenrntant effect of the 
ervihoma resulting This may he due to a selective action on sensory 
nerve endings As a rule patients sleep better after properly sdected 
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heliotherapy The mercury \ftpor quartz light contains these longer rajs 
ninl, in addition, is rich in the shorter, more chemically actne wart 
lengths, running down to about 100 millimicrons The still shorter 
vibration lengths arc not jot nvailiblo for tlicrapeutic purposes The pro- 
portion of ultraviolet rajs in tho common tjpes of light hare been tabu 
latod as follows 
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Penetration — Ultraviolet ra\s, even m pure quahtj from an aif 
cooled lamp, onlj penetrate a \orj ahort distance, because of the red 
filter screen action of the hemoglobin before mentioned Under com 
prossion from surface quartz applicators or otlicr means, the depth of 
penetration is \ory much greater, probably ono-lnlf to one inch according 
to tho completeness with which the tissue is made anemic It must be 
recalled that these actinic rajs will not pass through glass, piper, tbm 
cloth or ointment, but will pass qmto readily through stcnlo water 
Variation — ihcro arc certun fundamental differences between the 
quality of lights which emanate from tho watcr<oolcd aud the air-coohd 
burners The radiations from tho aircooled lamp arc predommanfly the 
longer ultraviolet wave lengths They arc more penetrating, arc absorbed 
in larger amounts, and stimulate metabolic processes 

Prom the water cooled hunicr wo get a larger proportion of the short 
or far ultraviolet wavelengths It is this band that is most acfitclv 
germicidal Ilic penetrative jiovvcr of thee wave lengths is not as great 
and they arc not as stimulating to metabolism 

With the use of either type of lamp there ire certain factors wUich 
cause tho expected result to vary 

Tho dust, moisture and organic material ni tho nir, which at timos 
BO markedh rcdiuc tli< ultraviolet content of auiilight mav m 
manner effect to some extent tho quantity of ultraviolet irradiation the 
patient receives from the lamps A more important factor is the 
tion m and tho amount of electrical current A comparatively slight 
change in elcctncal strength may result in rather wide variations in ultra 
violet output amounting at times to as much as 15 or 20 per cent 

Local Effects — These vary according to tho make and f'pc of lamp 
used time, distance, and individual susceptibility of the skm to these ravs 
Ordinarily, no heat is felt and no perspiration induced llic skin ma) 
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dosijjC Tkcre is usu ilh some tall in 6\stohc blood pressure The effect 
of rays absorbed in the blood stream is of coursL diffused throughout 
the bodv General metabolism and especially elimination eem to be ang 
meiited after geucril treatments Aj,iin let it be understood that while 
these results ire fairly constant and may in the majoritv of cases be ex 
pected under proper technic the> ire still somewhat empirically cm 
ployed The work of T Hess otlvew\ork TanetH Clark and others 
on the subject of rickets has ckirU d« monstrated the effect of ultra 
\iolet light on blood chemistry A marked increase in the inorganic phos 
phonis followed by rapid calcification of bone was sbovni after exposure 
to the ultraiiolet light in cases, of ncLcts in both animals and children 
The results obtained b\ general irradiation m tiibcrcnlosis must be ef 
fcctcd by means of rias absorbcil and distributed by tbe circulation 
Apparatus — Lamps — hw a>ailable air coaled lamps for general 
radiation and water-cooled lamps for local work, each provided with 
reetifaers for the alternating current There are many varieties of stands 
methods of counterwcuhtinp ca« adjustment and other conveniences for 
the clinician’s u e Couvenicnct appearance durabilitv, power, eto , have 
each to be considiud an choosing a given t>pe of lamp 

Burners — The burner is the important part of the lamp feorae valu 
able information re„ardmo burners has been furnished bv W TV Coblentz, 
of the Bureau of Standards Tlicn are two tvpes of burners on the 
Vmptican market one consisting of a vacuum arc in a fused quartz 
chamber the arc discharge taking place between electrodes of liquid 
mercurv — the all mereun burner the other tvpe has metal lead m wires, 
sealed directlv to the quartz burner Within the burner the cathode is 
liquid mercurv and tlie anode is a fiat coil of tungsten wire which is at a 
low red incandescence when the burner is m operation With tests made 
at about 300 watts there seemed to be no difference in ultraviolet output 
either m quantitv or qualitv It is possible that a difference would have 
been found with the use of heavier wattage With the use of the 110 
volt current, the intcnsitv varied imerselv as the square of the distance, 
while with tlie 220 volt current this variation was somewhat greater than 
the square of the distance imerselv 

The greatest intinsitv is reeeneil on a surface parallel to the long 
axis of the burner and the obliijuc ravs are noticeably leas efficient Small 
variations in the light voltage greatlv change ultraviolet output 
Burners hav ing A C current operating tlirougb rectifiers last longer than 
those operated on D 0 Burnen. deteriorate steadilv with use This mav 
be due to the ionized incnnde««nt mereim vapor attacking and eombin 
iDj, with the quartz forming dark deposits which mav become porous 
and admit minute amounts of air which combine with the merenrv 
Burners deteriorate from one half to one-third after some fifteen hundred 
to two thousand burning hours a rule, the lamp on a stand wath 
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castors is more convenient than one eounterweightecl from the ceiling 
The manufacture of burners is a difficult and highU specialized task 
which makes them rather CTpensive Fhev have to be able to withstand 
a temperature of 3,700° F 

ipplicaiors — lor general needs one large square applicator, a medium 
circular and a small circular applicator should suffice for surface work 
They are also made cuned to different d^reea and will conseniently 
readi all parts of the gums for dental work A nasal, tonsillar, vaginal 
and rectal applicator will complete the number absolutely necessary for 
cavity work It la desirable in addition to have at least one small sinus 
applicator New methods have made it possible to fuse quartz in such a 
manner that the ra}8 are emitted in nearly full strength from the end of 
curved applicators The rooms in which actinic rays are used must 
be frequently ventilated 

The eyes of both the operator and patient must be protected from the 
ultraviolet rays, for they tend to set up a conjunctivitis The manufac- 
turers provide glasses which are opaque to actinic ravs, and they should be 
constantly worn i little carelessness m this regard after some familiarity 
with the lamp is common and almost always results seriously 

Core of Apparalui — \£ter the rectifier switch is turned on, the lamp 
18 started by tilting the burner so that the mercury flows to the tungsten 
anode, forming a contact The effect of this contact is temporarily to 
short-circuit the current and this is the point where the greatest dram 
on the current supply occurs For this reason cverv circuit into which 
the ultraiiolet apparatus is to he plugged should be heaiily fused at 
least to 30 amperes When the lamp is tilted back to its former position, 
the current continues to pass through the vaporized mercury which 
until thoroughly hested has a high resistance to the current. It will 
be noted that the voltmeter registers only a small amount of current 
flowing As the mercury vapor becomes intensively heated, the 
voltmeter reading increases and the light emitted by the burner becomes 
more intense Hence in all tvpes of lampv a preliminary burning time 
of from five to twelie minutes is netessarv before a full quantity of 
ultraviolet rays are produced and this refers particularly to the shorter and 
more potent wave lengths The burner should never be touched with the 
hands but lifted or tilted if nccesoary bv the metal shoulder Clean the 
burner off daily with alcohol With the use of the water-cooled lamp, it 
nui«t bo made certain that a free flow of water is oirLuIafing m the lamp be- 
fore it 13 turned on If this is not done the burner will be destroved m a 
'cry short time For this rea on it is safest so to arrange the water 
intake that either the inflow or the outflow is visible to the operator It 
IS well al«o, to allow the water to mn for a moment or two after the 
lamp has been turned off One quick lateral or posterior tilting of the 
lamp IS usually all that is necessary to ignite the mercury after the cur 
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the average initial dose, we lia%e three \ariations of intensity mild, 
medium and se\eie In addition there are three different skm doses, 
namely, stimnliliie, regeneratiye and destractiye any one of yfliich it 
may he our aim to produce 

A slimuJalne ervtliemi 13 the creation of a faint Hush after a short 
treatment at aierage distance This produces superficial capillary en 
gorgement, stimulates surface epithelium and is the degree used for most 
general treitments 

The regpneraine dose induces a deeper redness just short of blister 
ing It IS dtstructiie tu surface tells is stimulating to deeper lying cells 
and produces marked capillary engorgement with considerable aHorption 
of rajs This dosage is used in mo's! widespread inflammatory skm dis 
eases and for cavity avork 

The de^iructne dose induces blistering and aesication of superficial 
layers of cells, entirch destroying them, hut the deeper layers of tht 
skin are markedly stimulated to multiplication and growth Its use m in 
fective and hypertrophic skm lesions gives ns the desired sharp, intense, 
localized result 

To provide a technic by means of which we may accurately grade the 
do 6 in its proper relation to su toptibilitj, the manufacturers have pro 
Tided a method for dctcmuning the lamp output It consists of small 
pieces of sensitiztd paper winch arc exposed for fifteen seconds at a 
standard distance and devtloped m wafer dried and compared to a vary 
ing scale of blue, much as hemoglobin is commonly tested on a Tallgrist 
scale Opposite each sheet of color the number of seconds required to 
produce a mild erythema in the normal skin is gnen 

■yte then test the pitients skin with a dcrmographie pencil to deter 
mine its reaction A white line apptinng immetliateh after the scratch 
13 flormoJ MO result nfgaltte and n red line achic The per on showing 
a white after hue requires the aicrace dose Wlien no reaction follows 
increased dosao is required while the red line indicates a skm which will 
burn easily This skin reaction may vary m the same patient at different 
times 

In the treatment of the iierago adult patient for gcnonl effect an 
abbreviated scheduk of time and distance for different grades of suscepti 
bility with either tvpe of lamp should prove useful and is appended 
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rent is turned on. Once lighted, it should always bo nllowea to come 
up to ma-^imum before starting treatment During the treatment, thf 
lamp should not be tilted to more than hventj degrees from the vertical 
plane This deviation may, at times, be earned to forty degrees, hut it 
IS safer to adjust the patient’s position and attempt to maintain the Ic's'cr 
degree of tilting just mentioned 



Fio 6 — 'New Type PoBiesj-B Watek cooled Ultevtiolet Leup fob Ward ’iVobk. 

Technic — 4ir cooled Lamp — The problem of acciirateh measured 
dosige in actmotherapy is a complicated one Slow diminution of effect, 
due to prolonged usage of the burner, must be considered The 
of atnio«pheric conditions and current strength modify the results obtained 
Patients differ quite markedly m their skin reaction to the quartz light- 
There are a few persons, eatremely susceptible, v\ho han toward the c 
rav8 an idiosyncrasy comparable tj that eyhibited by some toward cei“ 
tain drugs These patients develop an intense eczemi which is di&^u 
to allay Within the range of whit nu^t be termed normal reactions to 
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the arerage initial dose we hare three Tanations of intensity mild, 
medium and 8c\ere In addition there are three different shin doses 
namcl), 8tinnilati\e, regeneratiye and destructive, anj one of which it 
maj be onr aim to produce 

A s/imu?a<ue erythem'i is the creation of a faint blush after a short 
treatment at avenge distance This produces superficial capillarv en 
goropment, stimulatea surface epithelium and is the degree used for most 
general treatments 

The rejenerafeic do e induces a deeper redness just short of blister 
mg It IS destructive to surface tells, is stimulating to deeper Ijing cells 
and produces marled eapillarj engorgement with considerable absorption 
of rays This dosage js ustd in most widespread inflammatory skin dis 
eases and for cavity work 

The <?ea/ruc<u8 dose induces blistering and vesication of superficial 
layers of celK entirely destrovmg them but the deeper layers of the 
skin are markcdlj stimulated to multiplication and growth Its use m in 
fective and hvpcrtrophic skin lesions gives us the desired sharp, intense, 
localized result 

To provide a technic by means of which we may accurately grade the 
dose in its proper relation to susteptibilitv the minufacturers have pro 
vided a method for determining the lamp output It consists of small 
pi ces of sen itized paper which are exposed for fifteen seconds at a 
standard distance and developed in water, dried and compared to s varv 
uig scale of blue, much as hemoglobin is commonh tested on a 1 sllgvist 
scale Opposite eich heet of color the number of seconds required to 
produce a mild ervthema in the normnl skm is given 

Wo then te«t the patient 6 skin with a dcnnographic pencil to deter- 
mine Its reaction A white line appeanuo immediately after the scratch 
isnonjial no result negalttt "ind a red line aclne The person showing 
a white after line requires the avenge dose When iio reaction follows, 
increased dosairc is required, while the red lint, indicates a skin which will 
bum easily This skin reaction may vary in the same patient at different 
times 

In the trcitment of the average adult patient for general effect, m 
abbreviated schedule of time and distance for different grades of suscepti 
bilitv with either tvpo of lamp should pravc useful and is appended 
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TvKCSTES ilBRCVRY BlRAER 
(Imltdl dutanee SO tnch.es) 


SV o React 

Tm* 

D I7 I m t n Stcoodi 

Negative 

minutes 

20 

Average 

IV 4 ‘ 

15 

Active 

50 seconds 

10 


The different regions of the hodv vary in their aensitnitj to ultra 
violet light The front of the arms burn somewhat less readilv than chest 
and abdomen The back of the arms and legs require twice the average 
dose to produce an. cr\thema The back of the hands withstand several 
times the usual amount, while the palms and soleS of the feet are very 
difficult to hum 

Age has some relationship to skin scnsitivitv to the light Infants 
require one-fourth, children one third and the aged two thirds of the 
average initial dose and dail^ increment 

Females react to an eiiposure some 20 per cent less in tune than that 
required to produce the desired degree of reaction in males Blond 
tvpes m both se^es are more susceptible than brunettes 

It IS not generally necessary to use an) intensif)ing devices 
sired intensification may be easily secured by lessening the distance, 
without the added wear and tear on the burner of the lamp If aa 
tensifier is used, it should never be applied until after ten or fifteen 
minutes of burning time 

We have considered so far the problem of initial dosage There IV’ 
mams to bo discussed the problem of daily increment This mav be ac- 
complished by increasing the time of the exposure, lessening the dis 
tance from the burner to the patient or by a combination of the^e two 
methods Minor increases are better regulated by increasing slowly the 
time of exposure 

The aim m most general treatments is to produce the mild erjih^a 
dose and increase the exposure as rapidl) as tanning will permit 
therefore, divide the body into two or four zones which are rajed sue 
cessivelv In this manner the unpleasant features of erythema have 
largel) disappeared before that particular surface is again treated, ar 
tanning is slowl) developed with a minimum of discomfort or peeling 
It IS well, even when attempting merely this mild reaction, to explain 
to the patient that there may occur a real sunburn, because, m spite o 
all possible precautions, unexpectedly severe reactions occasionally occur 
and it IS safer to have the patient mentally prepared for such an occur 
rence In those who hum hut do not tan, the dose is naturally much re- 
duced and the daily increase very di^t Where smaller areas than a 
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full body zone are under treatment for more or loss local effect and it 
IS necessarj to push the treatment, one burn may be superimposed on 
anotbor Tvitli no danger other than the superficial skm destruction alrcadv 
described The average daih time increase bears of course, a general 
nlationship to the time of the initial dose, ranging from 10 to 2o per 
cent of it No increase at all ma\ bo possible in those who do not tan 
It should lie rpmembered that a lapse of stieral dass during the treat 
ment especially if accompanied with peeling, will necessitate the return 
to prettj nearly the initial dose In an\ prolonged general treatment it 
18 well to drop back to almost the beginning dost and again work up 
after a maximum of twenty to thirty minutes exposure has been reached 
and maintained for a short time This is comparable to the giting 
of certain drugs in courses \ arious unpleasant sensations are noted in 
patients who have been continued at general maximum treatment for a 
considerable length of time 

In certain conditions noticeably those of or complicated by pulmonary 
tuberculosis both the zoning and the daily mere ise must be much more 
carefully worked out In some conditions and tubercnlosiy is a notice 
able example of them, eyen the aycrage initial dose of ultraviolet light 
may be followed by a rise in temperature Most of those who hare uorked 
with the lamp in the«e conditions feci that this is not a necessarily dan 
gerous or unfavorable reiction but comparable to that following tuberculin 
or the use of certain yaccincs Howeycr since a temperature ti e of this 
type 18 the cause of a perfectly natural alarm on the part of workers 
not familiar with the use of the lamp and since we must bo very guirded 
in pushing any new treatment especially in active pulmonarj cases an 
effort should be made so carefully and graduxlly to grade tbf dosage is to 
ultiinatelj attain the desired results without anj undue nso of tempcri 
tiiTC Such a plan has been worked out and put in oppration in our 
Service in the United Stites Veter ms Tuberculosis Hospital at New 
Haven b^ Major I couard Moolsey Bacon and is dtsenbed m detail in 
the section on \pplicd Physiotherapy relating to Tuberculosis. 

^Vaier cooled lamp — ^This is used only on small areas for very m 
tensive effect It is the bacteneidal effect of the short wave-lengths that 
usually recommends its use For regenerative effect treatment may be 
given through the quartz window at a distance of one or two inches from 
the skin, using exposures varying from thirty seconds to two minutes 
For most surface work the quartz applicators mentioned arc used They 
should be carefully cleaned with alcohol before and after each treatment 
All cnists, scabs, ointments and other foreign substances should b( re 
moved from the affected area before commencuig treatment Gentle firm 
pressure is used directed at right angles to the surface The summiiding 
area of skm mav bo protcctnl by zmo oxide plaster, ointment towels or 
heavy black photographic paper The tune of exposure vanes from 
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thirt\ <;econds to twent^ or thirty minutes, depending upon the effect thit 
It 13 desired to produce In ca\it> work with the -various special ap 
plicator'", one to two miiiutea is generally employed Gentle, firm com 
pression is also used on the gums, and one or two minutes with slight 
dailj increa'sc is the av enge time of the treatment 

Pacmi gives the exposure time required to kill various bacteria sus 
pended in clear sterile water at 200 millimeters ns follows 


Diplococci 
Gonococci 
Meniiifrococci 
Staphylococci 
Pjogenea olbus 
Pyogenes aureus 
Streptococci 
Vindans 
llemolyticus 
Mucosus 
Pneumococci 
Group I 
Group II 
Group III 
Group IV 
Bacilli 
Influenza 
Diphtheria 
Tubercle 
Lepra 
Colon 
Typhoid 

Dvsenterr types 


6 

6 

10 


U 

18 

>5 

"5 


15 

18 

10 

!•> 

1 

18 

18 

"O 


Treatment Precautions — It is well to summarize a few o£ the im 
port mt points demanded hy proper teclinic Bum the air cooled lamp 
not less than six minutes before starting treitmcnt Place the lamp 
that the surface to be treated is well centered and parallel to the long 
axis of the burner If applicators are used on the nir-coolod Iiphtj 
occasionally convenient, adjust the patient to the Ivmp and nevrh double 
tho time jou would use with the water-cooled apparatus After turning 
on the rectifier switch, see that the meter needle has moved on to the 
scale and not below zero If the latter has occurred, reverse the wa 
ping before turning on the lamp If the lamp has just been used nn 
turned off, allow tbe burner to cool somewhat before attempting to rebgh 
it after which it need bum only a moment or two to reach its maximum 
intensitj "With the water cooled lamp, be absolutely ccrtair that the 
water is freelv circulating before tbe lamp is turned and, if possible. 
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do not tilt it more than twentv d^rccs dunng treatment Treat sunburns 
siiuilarh to any mild first degree bum SMth radiant ligbt at a distance 
Therapeutic Indications — One hesitates to name all the indications 
for the use of ultraiiolct light, lest it be thought that he is advocating a 
cure-al! but the indications of proved value arc minj and include 
Practically all local skin infections and simple alopecia 
Slug^shlj healing wounds 

Burns of all tjpes including those from X ray and radiiim. 

Chronic ulcers of the skm and mucous membrant 
Sinuses of all types where the area drained has been cleaned up 
Deep seated infections, such as osteomvehtis, tuberculous empyema, 
adenitis, arthritis, and pentomtis sinusitis pyorrhea, alveolar abscess, 
supcrticidl tonsill ir infection the simple antmiaa and reduced hcraoj^lobm 

Pocini, m lu8 teat has worked out in detiil tb<» h\ persensitire skm 
areas oeoasionvlly encountered in or„anic and functional disturbances of 
the various organs and claims results from remunerative doses of ultra 
violet light to these areas The writer would refer those who desire to go 
more deeply into the possibility of inhibiting reflex pain to Pacmi s teat 
Contra indications — Ultruudct hmht la usually contraindicated in 
patients with extremely sensitive skins, in those vvith hemophilia and 
active febnlo tuberculosis in the last named at least as regards chest 
exposure 

In the use of all types ot phototherapy particularly ultraviolet light 
both natural and artificial we are emplovinj, a method of therapy faith 
in which IS deeply implanted m all conscious liv iisg things Artificial 
production and refinements in technic have increased its availability and 
the potency of its application Its wider use in therapeutics is certain to 
bring most gratifying results The caution should be ever kept m mind 
that ncccssarv surecry or supplementarv hygiene and medication should 
never Lo postponed or omitted in connection with its employment in 
therapeutics 
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heat IS known to be the energy of heat transferred to the luminiferous 
ether which fills all space and also pervades all bodies The hot body 
sets the other particles in vibration and this vibratory motion, in the 
form of waves, travels in all directions witli a velocity of about 186 000 
miles per second If this radiant heat impinges upon a body, part of 
It may be absorbed or, m other words the molecules of the body may 
themaeUes be set m motion by the ether waves There is no essential 
difference between radiant heat and h^t both being forms of radiant 
energy, the ether waves differing intrmsically among themselves m wave 
length only, and thus producing different effects, heating luminous and 
chemical, m bodies upon which tbev impinge, according to the nature of 
these bodies 

'The rays whose heating effects are generally the greatest are of 
greater wavelength than tho c which roost affect the eve (light rays) 
and have longer periods of vibrition Like light rays, they miv be re 
fiected refracted diffracted and polarized The quantity of heat of a 
body or the amount of heat energy which a body gains or loses m passing 
through a given range of temperature is measured m thermal umts — 
heat units — that is by the quantity of water which it would ruse through 
one degree Fahrenheit, it is given bv the product of its weight into the 
number expressing the tango m temperature multiplied by tho specific 
heat In ordinary speech Aeat and tem/iera/urc are not distinguished ’ ^ 

Since heat can bo produced it cannot bo a substance and since when 
ever mechanical energy is lost bv friction there is a production of heat 

we conclude that heat is a form of energy ” 

‘In the strictest modern scientific language beat is used to denote 
something communicable from one body or piece of matter to another ’ 

Light That which makes things visible m physics it is that form 
of energy which acting upon the organs of sight renders visible the objects 
from which it proceeds 

‘ The principal phenomena of light are grouped under the following 
heads (1) Absorption or the transformation of the vibntion of the ether 
into the molecular vibrations of the body upon which the light falls or 
through which it passes The effect of the ab«orption of part of the light 
rays by a body is to give it color thus grass is green because it sends back 
to the eye only the rays which together produce the effect of green tho 
other rays being absorbed and a piece of red glass owes its color to the 
fact that it transmits only that part of the light whoso combined effect 
upon the eve is that of red.’ * 


Century Diet nary— H«»t 
Century D ctionarj — light. 
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FORMS OF HEAT 

Three forms of heat, or methods of action of heat, are to be considered 
as applied to heat theripj — conducltte coniectue and comersiie 

Conductive Heat- — Conductive Lent, m living creatures, is the trans- 
mission of heat through the tissues of the bod^, and is limited to tie 
skm, because the eirciiJatiug blood camoe all eteess, limiting peuefrahoa 
All methods bi -Hhich heated objects are applied directly to the surface or 
interior of the hodi are, therefore, verj limited in their effects upon the 
tissues miderlMiig tht integument 

Conductive heat is the least offectue method of heat admini^tratira, 
the belt being carried airar h> coinertton irheiiever applied esfenul)' 
or mternallj to the skin or mucous surfaces The parts exposed are 
prompth rendered hjporemic and the circulating blood comcis the heat 
on to the generil circiilntioo, to be repliecd bv blood iloirnig into the 
dilated blood ics^els at the normal bodj temperature Thus the excess 
belt pisses on bi conieclion and the tissues beneath the skm remain at 
about normal rendering of little therapeutic significance apphcatious uci 
as hot uater bottle«, poultices, douches, baths, hot pack«, wet dressings or 
electncallj heated puls at temperatures that the skin will tolerate 
toleration to admimstrutions of dry hot nir at tempenturcs of from 400® T 
to 500® F IS pos ible if the surface is protected bj an absorbent, «uch as 
Turkish towelmg which will absorb the collecting moisture of perapiritioii 
otherwise liable to boil and blister the skin If it were not for this eon 
lectiou throivh the medium of the circulating blood, such npphcitions 
would be impossible and conduction would occur as it does in the roasting 
of a dead animal 

That there are undoubted benefits dcriaed from external admini'tn 
tions of heat, ea en though convection carries awaj the excess, is conceded, 
and its therapeutic indications and significance avill be considered later 
Convective Heat — Conatctiae heat is convejed from the surface the 
rectum, bladder or vagina ha the circulatory channels — arterial, venous 
and hmphatic in all of which the CTirrcnts are accelerated — to he di« 
perked throughout the organiam and eliminated bv the natural channels o 
di«sipation The writer was the firat to recognize the importance of tn 
distinction between the therapeutic effects of external applications of bes 
and heat derived from radiant «ourees and believes that the first reference 
in medical literature ^ to the different effects was made bi him lo 
The following year Dr J H Kello^ of Battle Creek published a sma 
aolume entitled Padtant I/tght and Heal and Coniectne Heat 

In all methods of heat administration, conductne, convectue, or con 
xersne, heat is dispersed by convection, for which reason it is nec essary ^ 
Kadiant Light and Heat and Onveetwe Iltat page 93 
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the many important therapeutic indiLations with heat therapy to prolong 
the administrations as will be shown 

Conversive Heat — This is the heat produced in a bndj by tbe trans- 
formation of energi, that is bj comersion of radiant energy, electrical 
energ}, friction, or anj other expenditure of energ\, thus inducing the 
degree of molecular motion or vibration in such \ bod\, as respects fre- 
quenej and amplitude requisite for recognition as heat for heat, as 
previouslv shown, is a form of vibration in matter In other words, bj 
the ransformatjon of different forms of cnergj— mechanical, electrical, 
radiant, or chemical — heat is evohed 

The methods of cmplojing or inducing eoiiiersne heat which are of 
importance in therapeutics consist in tlie regulated employment of radiant 
entrgi from luminous sources as from the auii from vsnous types of 
artihcial light applicators and from the passage of electrical currents 
through the tissues — theimopenetration or diatUcrray 

'\Vhen radiint energy passes through a transparent medium which 
offers a minimum of resistance as in ca«e of the sun a rays passing through 
ether, air, or gUss little or no heat is evolved When the radiations 
impinge upon matter tli \t offers resistance, heat is produced by trenaforma 
tion into heat energy bv conversion Ibe earth a atmosphere is heated by 
convection from the heated surface of the earth 

Of the suns ra's that pass tlirough the glass window pane, only the 
ultraviolet are absorbed and those rajs are of so great frequency and short 
wave-length that little or no heat is produced ^Vhen light of considerable 
candle power is passed from witliin a blue glass bulb it becomes very hot 
from absorption of the luminous radiations or frequencies 

The absorption of the ultraviolet rajs hv glass renders heliotherapy 
hy the sun’s rajs a farce except in the open air Dr Hess found it 
necessary to make this observation when considering an erroneous reference 
to the treatment of nclels throng the glass windows of a solarium 

In the work of an eminent author an ilinstratiou appeared showing 
a patient receiving heliotherapv throng a closed window This is men 
tioned to emphasize two facts (1^ that ultraviolet rajs do not pass through 
glass, and (2) that heliotherapv is alwavs presumed to be taken in the 
open lurthcrmore if tbe housewife is to derive in her apartment tbe 
beneficial sterilizing effects of the ultraviolet ravs, the sunlight must enter 
through the open window 

The penetralion of the visiWo spectrum of radiant energv from lumi 
nous sources is the same from *.11 sources of uAite light The radiation 
of one candle will be projected as far aa that from a source of greater 
candle pow er but with an intensity relative to the volume of light pa<ising 
The rays of the solar spectrum vary in penetration heat production 
warmth, wave-length and freqnenoj the penetration incrcising with the 
"av e-length from violet to red and diminishing with the frequency from 
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red to violet In other word^ “the penetration is as the ware-lenffth 
and inverseh as the frequency” I\hen an electric light is held m the 
mouth or ob^ericd through tho hand, the ijsihle njs that appear in 
greatest abundance are the red 

Of the greatest abundance and increising waie-Iength are the in 
visible infra red njs, which piss to a much greater depth info the tissues 
than the \isiblc rajs, and are, therefore, of greater vaino in point of heat 
production than tho visible spectrum There is a marked dilTercnce in 
the extent or degree of penetration of the radiations from various artificial 
«oui‘Cc& of light, tho«c from tlic electric arc and carbon filament mean 
descent hinp being neber in infrared and red rn\3 than tho«e from 
tungsten lnmp<> The former also are properly the deeper therap) hmps 
There are no deep thernpj lamps ’ except in conformity yyith the physics 
of light, though commercial nomenclature his sometimes nssiuned the 
contrary, thus misleading the niunforined purchasers of nppariitii 

Tho dcrnon«tnted penetration of the tissues bv the radiations of the 
yisiblc spectrum is about one inch, varying yyith the dcn«itv and yas 
cularity of the tissues— fat being least resistant and muscle and bono 
most ro«i8tint Bone is no more resistant than rousclc, as it is rendih 
dinionstrated thit tlie yisible incandesecnt rars penetmte tho antrum and 
sinuses If so, they al«o pcnetritc the mastoid and to the middle ear, 
a fact vhich is furthermore clinicnlly yenfied It is plain from the pre- 
ceding that reflected light is ay iilable for producing heat in the ti sues 
to a considcrnblc depth, the cnergj naturally waning as the radiations 
proceed 

For therapeutic purposes the radiations should bo projected from arti 
ficial sources in pncticallj p-irnllcl or sligbth diyergent lioams Focii cd 
or conyergent radiations are too intense to be endured and, tlicrcforc, are 
not practical, and y 1 1 manufacturers Iinxc long per&istcd in putting on t c 
market lamps that nhiays reflect a focus 

Induction of Coniersne Ileal — Induction bj high frequency electric 
currents is a subject of profound interest in the light of accumulated thcra 
pcutic accomplishments 

All electrical currents produce heat as they pass through matter, t c 
degree of heat y an ing yy ith the nmptrage, potential frequency , resi tance, 
and directness of the current or conductiyity of the path The constan 
(galvanic) current of sufficient yvattage, that is, yolts times the amperes 
to produce thermic effects of therapeutic ynluc m the tissues is dcstnic- 
tiy e to the life of the tissues acted on, and is, therefore, out of consideration 
as a means of producing heal effects, except for tlie local destruction o 
neoplasms The static sinusoidal, and induced currents fill other ro cs 
in therapeutics, not es entially thermic 

DArsonval Currents — Thee cur ents are variously produced 
many types of high frequciw^ apparatus, including open and closed circui 
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transformers Pulimkorlf coila and static mjcliineb m combimtion with 
two condensers, a solenoid connecting the condensers and a variable spark 
gap all in cirtiut TspC's of apparatus for producing these currents now 
on the market are too numerous to mention 

DArsounls original ipparatus consisted of a Rnhmkorff coil, two 
Leyden jars and a coil of ec\eml turns connecting the outer coatings of 
the two jars the inner eoitings being ronnected with opposite terminals 
of the Ruhmkorlf coil Between cunent terminals connected with the 
inner coatings of the two condenser* — the jars—was an adjustable spark 
gip that could be lengthened ind shortened «o varying the resistance in 
the circuit to vars the dosi^e Tlie current thus produced when passed 
from the tcrmimls of the resonator solenoid or coil through connecting 
cords to ehetrodes is oacilhting or alternating in character at a rate of 
oscillation gning a fre<iucucv ot more than 10 000 per second There are 
two oscillations in each frecjncnci Wien the frequencies evceed 10 000 
per second muscular responses cease ind the onh appreciable effect to 
the Bences is heat, if all contacts are closed and no sparking occurs in the 
circuit except at tlie spark gap The only possible accident that can 
occur IS from an excess of heat rehtne to the size of the electrodes or 
from circle s removal of sn electrode by the patient when the current 
18 m operation 

Isagelschmidt first demonstrated that with a powerful current passing 
between the two poles, there was no elcttroKsis — from a Xl solution, 
lodin was not thrown do\ni Tesla demon tratod that with tremendous 
potentials there was no dinger to life 

ith tht modem t^pcs oi tran former apparatus provided With multi 
pic spark gips and with means of control provisions exist for scientific 
mpthods of produung with safeti and practical utihtv therapeutic admin 
istrations of conierstie heat into the deepest* recesses of the body 

Direct or Bipolar D Arsonval Current — Tina ti rm wis first used bv 
the writer in the second edition of hia work Htgh Potential Cvrrtnls 
of High and Olher fregiutuies published in 1910 and there described 
The term is still in common use and intcnhangeable with those of thermo- 
pcnctritioii and diathermy — lieating through — applied to this method of 
heat therapy 

llie passage of the current through the body was also designated by 
the author ns the direct d \r8onval method in contradistinction to the 
indirect method or nutocindcnsntion when the patient is connected to one 
pole aiul insulated from the other on the couch The pa sage of the 
high frequency current tvolvcd hv the d \rsouval method or diathermy 
heats the tissius to practically a uniform degree in the path between two 
chcfmde'* placed on opposite mrfices if the surfaces of the electrodes 
arc practicallv parallel so that the margins nowhere approach each other 
othcrwi'io tho current would take the sljortest route, following the path of 
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the least resistance, and the effect would he greater from the contiguous 
margins 

The heating of the tissues is denied m accordance with Joule’s law* 
of conservation of energj It is questionable whether all of the heat is 
produced bjr the resistance of the tissues to the passage of the ciirreDt a 
the fulfillment of that law, or whether the joint action of the rapid oscilla 
tions at a rate of frequencv and amplitude comparable to heat account in 
part for the heating This latter view is suggested by the conseiration 
of 1 reasonably small current of Vrcrj high voltage passing into the resona 
tor, as compared witli the meter readings In one of his early experiments 
the wnter derived a hot wire meter reading with the d Arsomal arrac'^ 
ment connected with an 8plite static machine of 225 milliaiiip<’ie9, 
whereas the current output of the macliinc did not exceed l/i imlliamperc, 
but was of very high potential Under these conditions it would «eem 
that the conservation may be due in i measure to induced current oscilla 
tions that represent the amplitude and frequency characteristic of the 
vibrations of heat A hot wire meter is calibrated vnth a constant cm 
rent meter, with the constant current passing through the two meters 
The meter readings, however, from the passage of the high frequencv cu^ 
rent through the hot wire meter, do not conform m terms of current 
strength to the constant current readings, hut m terms of heat 

That the heat effect is practically uniform between two electrodes 
of equal size is readily demonstrated bv cooking i thick piece of me®* 
or a potato between two small disc electrodra, when, with sufScient cur 
rent for the requisite time, it will be found, on cutting through a section, 
that m either case the cooking process has been practically uniform from 
side to side 

^ hen applied over the skin, which is more resistant than any ot er 
structure in the patli, except possibly the outer tbm compact structure 
of bone or of ligament, any temperature that will be tolerated by t « 
skin IS ne^jligible as to any danger to the undcrlving structures 

Physics — The physical characteristics and the pliv Biological ® 
of heat may he considered as depending upon (1) local effects as appu' 
to the surface of the body, whatever the source of the heat, (2) the re 
effect derived from the stimulation of the nerve end plates as affectiUa 
the deep centers with the derivation both of local effects and stimu ation 
ol the vital processes of respiration and circulation and ( 3) the tberm^ 

VYben heat is transformed into mj other kind ot energy or vice 
total quantity of energy remains invanable that is to say the quantity o 
which disappears is equivalent to the quantity of the other kind of energy pr “ 

The number of units of mechasical work equivalent to one unit of heat 
ally called the mechanical equivalent of beat or Joules equivalent and is 
the letter J Its numerical value depends on the units employed for hea 
mechanical energy respectively 
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effects of the heated blood stream as actnating the general functions and 
activities of the organism 

Effect of Local lyifimu/a/ion — -Local stimulation b\ heat or cold of 
the peripheral nerves is follo-ned bv a prompt relle-a response of the 
lasomotor mechani«m, with an increased flow of blood to the tissues stimii 
lated following the natural law of reflex response to stimulation Hvpcr 
emia, promptly induced, is the natural phenomenon for the preservation 
of the tissues from burning through the applicition of heat, or freezing 
through (xpoaure to cold This is observed in the intense redness of the 
skin -when exposed to radiant heat «>r conductive heat and m the reaction 
to cold 'With intense hjpereniis In hoth cases the nitural reflex response 
serves to maintain the skin at the normal tempcratiirL The influx of 
blood at normal temperature mimtams the tenipentnre of the skm at 
the temperature of the bloodstream as long as tlic bodj s reserve is ade 
quate to meet the requirements In the ca-ie of exposure to heat, the latent 
heat of absorption from the cvipuratioa of perspiration is an added 
source of protection, also favored b\ the hvperemu produced as an ex 
ample of the eflicieucv of tbe<e naturil provisions Wo have a significuit 
example of this in the therapeutic administration of dry heat at 400® 
to 500 F when, bj moans of the ab orptiou of pcrspirotion bj Turkish 
toweling wrapped about a pan the skm is protected from collection of 
perspiration and from consequent hcitmg and burning of the surface 

The heal effects of heat as shown arc (1> to induce an active local 
hvpcrcmia, (2) to increase the elimination of moisture through the sweat 
glands and of sebum through the sebaceous follicles and (3) to expand 
or relax the tissues, thus relieving skm tension pressure and piim 

Reflex Effect on Deep Centers — The reflex effect on the deep spinal 
centers is one of the most remarkable and beneficial effects of intense 
heat superficiallj applied when the powers of resistance are lowered or 
of the stimulating effects of cold to the surface when the resistance is 
adequate to respond The respon«e to both heat and cold is the accelera 
tion of the heart’s action and nspiratorv movements to meet the increased 
demands on the bodv s energies As illustrating the first tvpe of responses 
I will cite the recoverv of a patient whose condition was critical 

The following observations made bv the writer with Drs Grad and 
Alundav would seem to fortifv this hypothesis A patient m exlremia 
from general cpticemia three weeks after a difficult urgical operation 
With the characteristic feeble pulse livid countenance and a temperature 
of lOo® F, was wrapped bj the usual method m Turkish toweling and 
placed m a bodv hot air apparatus at a temperature of 300 to 350 F 
and after thirty minutes removed with a full trong pulse a marked 
hjpcremia of the skin and mouth temperature of 103® F light hours 
later the temperature was normal, and the patient was convalescent m 
ten dajs This extraordinary result could only be explained bv (3) the 



THERMOTHERAPl 


3oG 

luduction of in actne plngoc^tosis imUi i pobitno chcmotaxia, (2) itirau 
lation bj beat of fhe deep spinal centers, pirticularlj thi cardnc sai 
respirator) , and (3) the eliminntion of toxins and other bodies Jliroii h 
the agency of the profuse perspiration induced b\ the high temperature 

Another case reported illustrates remark ibly the result of peripheral 
heat stimulation as follows , 

“Dr Herman Grid reported a case, that of a child who was brought 
into the omen 8 Hospital in a state of collnp«o The light bath as de- 
scribed was placed o\er her bod\, when a prompt rciction and improie 
meut was set up in her phasicsl conditiou The diagnosis of the case was 
rendered uncertain, the state of collapse forestalling an cxploratorj opera 
tion It w IS found that, if the light iras continued, she was rcurod, the 
low condition returning if it was discontinued The light administrations 
were accordmgh eontinncd for several da\*, when unexpectedly the child 
pas«od from the rectum several inches, of the small intestine The case 
had been one of intussusception The patient made a complete rccovcn, 
which would have been impossible eicept for the emplovmcnt of radiant 
light and heat during tlie state of colhpsc " 


These cases arc remarkable examples of the profound therapeutic 
effects derived from the administration of heat to the penpherv as a 
meuis of miiiitaiiiing or restoring the vital processes It is b) thu 
principle, as will be shown later, that heat contributes to the rewial 
of the functions of the heart, as stimulated from the penpherv in condi 
tions of failing heart in tlie asthenic type of fevers, such as pneiunonia 
Tor the same reason its administration is contra indicated m decoropen 


sated vahmlar heart lesions 

The reflex effect of the cold pluogc or shower in the conditions of 
health is refreshing and, if these mtasurea arc systeniatically used, the 
vigor of the circulation and peripheral resistance against exposure to coW 
are increased 


Thermic Effects — The thermic effect of convectiv^e heat, as affectiUo 
the increased heat earned bj the heated blood to nil parts of the bod', 
18 to increase the general metaboham o( the organism bf iccelerated 
culation of the heated blood with general increase of elimination thron-.' 
the urine and perspiration, with solids in solution A general condition 
of wellbeing is also induced due to the increased activity under beat 
stimulation of the body s functions, when not continued to a degree o 
overstimulation which will depress or overfatigue the cells of the body 
Action of Oonversive Heat — The ictioii of conversiVL licat is 
different, applied locally for therapeutic purposes from the action o 
either coniectne heat or eonduchie heat The object and purpose o 
administration of radiant light and heit is to produce a local penetratioS 
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effect, with absorption of radnnt cneiga lor the relief of local conditions 
The indication of hrst importance tor its iinploMncnt is the induction 
of ictue local huneremia, in the tissues beneath the surface 


HYPEREMIA 

Hjperemn, induced by radiint ener^ji and high frequenci currents, 
will ho found to fill one of the most import mt fields m plnsical thcra 
peutics The three significant effects of hsptremn aupcrfacial or deep 
are (1) increased nutrition to tiwus that are impaired from the pas 
sage of nutntne pabulum in the blood stream to the parts (21 inereasid 
inetaboliani from the actuation ot fixed cells under Btimnlation of the 
energj applied, and from the effects ot th< nctirated bloodstream, and 
(3) increased phaeOC'tosis from the greater number of phagoevtes con 
Tejed into the tusucs nitb a probable increase in cbemotaxis 

1 Increase of Nutrition — The uttudme increase of nutrition is 
faroredby increase in botli the inaboli< ind catabolic processes bi ubich 
naste matters are ha tened on from the Ivinph «paccs throiiffh the hmphatic 
channels and b> the greater octiviti of th« end organs in appropriating 
the nutrition Elimination promoted bi the increased activity of the 
sweat glands and incrcasod elimination b\ tb" othf>T miinctOTics is 
eicitcd by the heat of comection as comejed throughout the organism 
Ty the administration of conitrsnc Inal the heued blood stream eonveis 
cxlcss heat bt contoction, thii equalizing the tempciaturc throughout 
the bod} bj oiaporation and cooling at the surface fhere is locil in 
creased circulation m the tis iics throUehout the paths of the high 
frequcnci current and to the dcptli Uiat ridiant energy pcnetrites and 
the fi'icd tissue cells will be heated bi the direct action B\ the warming 
of the tissues and the passing of fluids in the fields so enerj,ized the ana 
holic professes of nutrition will be accelerated and local tissue building 
or Kpair will Vo stimulated 

111 the authorized translation of Biers nyptrtmm or a Therapeutic 
Agent published b} A Roberts 190o the subject of In percinia is treated 
largcls fiom the point of siew of a measure capable of effecting the 
destruction of bacteria, and acting as a solvent to promote ah^rption 
He refers al«o to its nutntno effects lu this worh howcair, he lavs 
grcito t striss upon its effects upon conditions of local stasis although 
these are better managed by electrostatic modditics which prodiire tissue 
drainage Ihc failure of application of heat to rcmoie infiltrating 
matonals where marked stasis exists has been generallv established Bi 
tho mechanical effects of thi whirlpiiol bith it i* often possible to rel»\e 
to n degree the infiltration from swollen stumps, but in ginoral tho 
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application of bent for restoring: ciixiilation and nutrition, where •sta ii 
IS finnlj estnblisliod nnisf bo conceded as ineffective 

2 Metabolic Effects — The o, ns slio«ni, nro the effects ihhui nhicii 
incnnsed nutrition dejx'iids and an, therefore, considered conjomtlv 
\\ill^ iro\er snvs hjporcinic treatment has lieen found most iivoful in 
tint It favors the nb orption of evndatcs and pnthologicil tissue diangos 
of vinous kinds Ibon is no other inethoil tint is superior to hipcnmic 
treatment in point of gcntlme s and piitile sness of application, as well 
«« a tendeiiei to rtlieic pin? ” The held of indications for the erapW 
ment of Injuniiiia for incrcnain" ti siu metabolism is one of the Judia 
indicition for tin u e of tliemiothorapy 

3 Effects of, on Infection — Such effects loiistifuti iiuiiortint inih 
citioiis for the u e of meisiires nhicli induce this phisiohvittl pff«t 
III till coniiettion it will lie ob ened that these effects are not aloiic diii to 
the mere i td inlluv of blood nith an increiM? m tlie miniKr of plu^rtcs 
in tlie tis lus but (hat certim baetern, which nro su ecplihlt to boat of 
lijit an lU troied •« sitii an effect of couvcrsivo heat of great value 
111 the tn itmout of locil mfeclioii The writer Ins slioini in lu« prenouJ 
contributions to tins subject tint «oiiie tapes of infection, notahlj itc 
'•tnphalocoi'iie stroptoeoccie, and goiioooecie, nro nffeeteJ loculh 1" 
ndmiiiistration of ridiant einr^, due probihli to the coinhincd liaht oud 
heat effects The ultraaiolet ravs, while oiili mildh thermic, an tk 
gnat nitural mtiseptic, actuv di tro\ all forms of germ life 
which tliea come in contact It is a beneficent fact that flio ultranoht 
nidiitions de troa ^crin life on the earth’s surface and in water cvpo«N 
to tlio «nii s raa s. 

Tn acute avd vihactUe tnfec(iou<t conditions alone, or in connection 
with other meisiires which inhibit girm pitXTs es or increase locil hjTir 
cmia or Ixith, it (1) men ises locil li^jKrciin i in the region of inflation 
with a nlatiK iiicmsc of Jenkoeates — the phagocytes, (3) inhibits (lu 
nctmti of the girnis throncli tlu iiifeiisiti of the radiant light and k 
radiations and (1) stimnlitre the elimination of tOMC initernls, lois 
and diffused In the iiidnctiou of perspintiou and incnise m ***'’"'^ 
ovidation B\ the e mems Joed pbigoeytosis is stimulated, the germs 
inhibited and deioimd, and the toxic inntennl chmuiatcd 

Derivative Effects — The e are induced when extonsne. exposures arc 
made rendering the surface Inpercmie, through prolonged application o 
liigh-e itidle-poHcr iiicinde cent lamps oier front, hack, and siiIm, 
the arc or ineaiulesceiit bitli, and through the coincident pn>f«'e 

perspirition induced (1) loa-cning the quantity of blood in congi’t 
n"ions and tlio larger arteries and veins, (2) lowering arterial tension, 
(d) roliCMiig an overworked heart, and (4) eoinculcntly promoting 
tensive elimination of the retained products of j'oor mctaholisin 

Tliert arc several possible factors whicli may bo active lu cffovting 
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the resolution and healing of septic proees es as induced bv the adminis 
tration of hot applications (1) The increased hvperemia occurring •n-ith 
tissue nlaxation which is present during the earh part of the heat 
administration, brings into the iniohed tissues a greater number of Icuko 
cytes in proportion as the \olume of arterial blood is increased, together 
with an increased amount of oxygen so essential to local metabolism 
and prompt diapede&i« of the leukocAtes (2) The profuse local and 
general perspiration induced alters toward normal the fluids in the field of 
iniohement and coincidentlv cliimnites to an extent other materials 
affecting the constitnlional condition of the patient, possibly fivoring a 
general phagocytosis (3) The \ction of heat upon the superficial tissues 
maj comcidently inhibit the acti'vit\ of the microbes or, b\ altering thi' 
constitution of the fluids as suggested, produce a larger degree of positnn 
chemotaxis (4) The production of more active metabolism in the tis 
sues will tend, also, to increa o the natural fortifications of the invohed 
tissues, increasing the activity of the macrophages 

Zinsser says of Chemotaxis The motion of the leiihocstes toward 
the ml admg substances indicates a sensibility on the part of the cell to 
changes in its environment incited by the foreign a^ent and since the 
stimuli most likely to reach the leukocMcs and bring this alteration in the 
direction of their movemenu are chemical in nature the phenomenon is 
spoken of ns ‘chemotaxis biiiie the change of direction brought 

nbjut in a mo\ing cell by such influences mis be such as either to attract 
or to repel the term positive chemotaxis is used to designate the former 
and that of ‘negative chemotaxis the latter Iho property of chemotaxis 
IS of aitnl interest in the present connection since, whateier may be our 
opinion regarding the relative values of phagocytosis and scrum pro 
tcction in immunitv, the great importance of the phagocvtic process cannot 
be questioned aud any agency which repels the approach of the phago- 
cytes must be a detriment, while any factor which attracts them is, of 
necessity, a powerful means of defense 

illy llever says Since it has hem deinoiistrited that, by increas 
nig the inflaminatorj symptoms a bc^jimimg infection can bo made to 
subside y\e ought more generally to practice abortive treatment of in 
cipiont troubhs of this kind for instance of incipient phlegmons or 
furuncles 

While It 18 not po sibh to suppnss eicrv infection licforc pus is 
formed there is no question that bv means of artificial hyperemia sup- 
puration can lie avoided in a larger percentage of cases than by any of 
th'' other therapeutic measures at our disposal 

In cases in yyhich suppuration is unavoidable even with the aid of 
artificial by percmi i ow iiig to the mtcnsity of the infection, Bier s treat 
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meat enables us to ncconipliish with small incisions wbat fomerh could 
be acbieied witli hrs^ oius ouh lliis has been shown bi mauifold p^a^ 
ticil experiences The adiaiilnce is obi 1011 

*lhe increi'itd siipph ot blood hnsttns inarkcdh the course of s 
^uppuntion, nn«nnich as it fnors the npid dticlopment of dcmirca 
tion and stpantion of necrosed portions in soft tissues as well as m 
bones ” 

Advantages of Hyperemia — The ndiniit ipOs of hijvremi'i produced b't 
eoincrsiie licit or diitberini, art* m irked os ag-unst the Bier method em 
ploMiig of dri licit — the methfKl referred to in the previous quotation h 
\\ ill\ Meicr Pciietr ition deep into the infected art is rthcics mmi ca-es 
in which the heitcd air inethoil will fail, and, fiirthcriHore hrgclv limit 
suppuration iiistcid of faioring it, as stated bi Willj "Mckt This is 
accomplished b\ bniigiiig the Iirgc luimlicr of phacoc'tis into the m 
feeted field under conditions of light and beat unfavorable to tbi bicferW) 
and «o temiuiitui’ further developments 

i roni the forccoing phv siological effocta, and from the effects of bcit 
therapv upon bactorn, we hue a foundation upon which the pnnciplP# 
of heat therapv arc well e»tibIi»hod 

Heat III one form or another has boon ii ed in thorapcutica since tha 
earliest tiine« It is not pmbihlo that n»\ measure tliat gives «o 
relief from pun as heat could have failed to be rccognizid bj lUtelhciat 
httmau beings 

The sun’s rivs, ui the form of sun biths, were naturallv the fir t entire® 
of heat einploved It is surprising, howtver, how little their cffct-ts hs'® 
been understood 

On the held of bittle whm the vvounded la\ in the sun’s rus ae 
were relieved from degrees of sufferiiiff, it mu'<t have been geiiernll' 
ciattd, except for the di comfort cuiscd bj continuous exposure to extreme 
heat It Is natural for all forms of life to withdriw from the iiitcn e liC'it 
of the suns rava at iniddvv Nor his the tlierapcutic v due of ridiui 
light and htat ns derived from artificial sonnes been duh recognize 
Its effects are often not apprcciitcd except hj those trarncti i« the indica 
tions iiid methods of application Poultices, hot batlis, Turkish ou^ 

Sian baths, mud baths, cmplistriims, hot water bigs, wet dre siug* 

Lot doiiclics are measures vvliicb have been lu comroou use for mai" 
erations These forms of application act upon the surface and arc ^ 
subject to the principles of eonvection , 

A certain eutbusnsm has been creited lu the idei that vnfer hea 
from the earth possessed superior curitive qualities It is claimed, an 
corrcctlv, that some such witirs contain radium or some other rnom 
active substance, but, so far as known not in sufficient degrees to prodiic- 
tbcrapeutie results The virtue of natural hot baths probabh is 
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great as tlit public is often Jeil to be hero for the real Mrtuc of heat 
need not bt sought at firawa\ points frcept to indulge the fastidious 
taste or for psychological effects 
Under s\steiuatic main^pmint, 
the same pbysieil effects can be 
derived at lUiv properly ininacrd 
hvdropathic institution sanita 
Tium, or, often ev en in the home 

APPARATUS 

Ultraviolet Raya —The ap- 
pintus employed for the admin 
istration of radiant light and 
hcit and the high Ircqucncv cur 
rent 1 h 8 ken dcielojicd or mi 
proiod until at the present time 
the more exact knowledge ot 
their requirements jndicitions 
and incthnils of emplovraent tcin 
to liiM, leached standards ip- 
proacUiUg. perfection 

Iho introduction bv Nnls 
rinsLii of the electric arc tor the 
development of ultr violet ra\8 
in till treatment of the forms oi 
lupus marked the earliest tv|>o 
of appiritus introducrd tv pcs 
now superseded by the nil 
cooled and water cooled iiltn 
I lolet 1 imps of the Covpi r 
Hewitt mercury vapor tvjn 

Hofmann Quartz Carbon Arc 
Lamp (iig 1)— A stiidv of 
the rcfaiicmciits of the quart? 
carlioii arc lamp introduce*! bv 
Tijiil Ifofmann PhD ^[ I 
rt veils tint the eirl>m jkiiciIs 
v.bich burn in a ^ctnuacuuin prr 
njit an ineioi e of voltice and 
decrcisc of amperage which re- 
sult in a 2 inch cn cent iinu ually nch in ultraviolet radiations of higher 
frequency 
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The radiant energy emerging through the quartz globe includea all 
wave lengths from the infra red to the ultraviolet of 2,320 Angstrom units 
(232 millimicrons) inclusive With the semiquartz globe furnished, the 
spectrum emitted includes all the vnve lengths from the infra red 
through the entire visible spectrum to the ultraviolet of 2, ‘>00 Angstrom 
units (290 millimicrons) inclusive As these globes are interchangeable, 
a convenient means is provided for the selection of ultraviolet nave- 
lengths to suit a given condition \t 
the same time the entire visible spec- 
trum 19 available and also the infra 
red 

Tho quartz carbon arc operates 
on llO or 220 volts with either alter 
natmg or direct current and u<es 10 
amperes of current 

Uniform quality of TBdntiou vs 
secured by the use of a sensitive 
electromechanical device ubieb auto 
mitically mamtams a luminous cres 
cent of constant length 

The original carbon arc, as used 
by PiDsen, was an open arc with a 
short crescent and poisonous gases 
produced had to be conducted to the 
open This lamp gives an abundance 
of the shorter irritating ultraviolet 
rays, nnd at the same time long or 
mild ultraviokt, together with aeon 
tiuuous spectrum, equal to the sun 
and the infra red ravs with a iniM 
pleasant thermic radiation This 
phenomenon pi events cvccs«ivc burn 
mg in time esposuro 

Lortet and Genoud later intro- 
duced a lamp for the same purport, 
the London Hospital lamp which consisted of an arc light constnwtc 
to reflect its rajs through two rock crjstal pi me len es pheed on either 
side of a chamber, through which water was flowing to maintain a tem 
perature which would permit pressure against the bare skin without 
gmng discomfort to the patient In this manner it was possible to render 
the skin anemic and so permit the penetration of the ultraviolet ravs 
more dceplj into involved ureas The Xrav later largelj displaced the 
latter tvpe in the treatment of infections of the ekin 

The later invention of the mercury tapor lamp hj Cooper Hewitt 
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of N^ew lork, and the adoption of the quartz tube Dr KromaTcr, of 
Vienna, introduced an apparatus uhich permits the passage of the ultra 
violet rj\8 Thcae lamp«, both au cooled and water-cooled afford a more 
potent means of administering the ultraviolet rijs with greater numbers 
of these rais and devoid of the orange red and heat rays The c lamps 
now hll an important place m the therapeutics of infections and produce 
other effects upon the blood and metabolism (Figs 2 and 3) 

During the dosing joars ot fhr nineteenth century, Dr Margaret V 
Cleaves of New lork mtrodiictd 
the use of the marine searchlight as 
a therapeutic means of administering 
radiant energy of high and vaiving 
candle power The radiations re- 
flected from iron-cored carbon tlet 
trodca arc rich m all of the ra>s of 
the solar spectrum important m 
therapeutics She al«o introduced 
the u<e of the arc light hath which 
was advocated ui the treatment tf 
tuberculosis 

Aliuin a Russian pLvsician who 
advocated the ii«c of reflected light 
passed through a natural blue glass 
bulb or plate for relief from pain 
lutrodiicod about this time the llinin 
lamp This form of administration 
has been vanouslv reputed to piss* 
markid therapeutic aiiilgesic effects 
perhaps largely due to the incrca.cd 
reflected heat generated in the .^liss 
bulb which becomes iiitcn elj hot 
from the aKorption of the other vis 
ible and infrared ravs Some au 
thoriticB, however still maintain that there is an analgesic effect derived 
from the blue ravs which the author has Ixen unable to confirm 

Incandescent Light — Incandescent hi^h-cuuUc-puvicr limps were iii 
troduced to the profession in 1004 in the form of the «o-calied leucodcs 
cent lamp This apparatus was widelv advcrti ed and evploitcd, which 
was uiidouhtedl^ instrumental in cilling attiution to the value of intense 
reflected incajide«eent light radiations 

The idea that candle pouer contributes to pcnctrition has been largelv 
derived from the introduction of this form of apparatus whereas the 
candle power of radiant energy has nothing to do with the pcnctrition 
but rather with the intensification of the jK-netration which is lumted 
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The radiant euerfri emerging throiigli tho qiurtz globe includes all 
wave-lengths from the infra red to the ultraviolet of 2,320 Angstrom amts 
(232 imlhmicrona) melusne With the senuqmrtz globe fiirni bed, the 
spectrum emitted uicludcs nil the waie lengths from the infrand 
through the entire visible ■spectrum to the iiltrai lolet of 2,900 Angstrom 
units (290 millimicronsj luclusne these globes are intercbangcsllc, 
a comcment means is provided for the selection of nltriviolet wave- 
lengths to Sint a given condition At 
the same time the entire iisible «p?c- 
tmm IS available and al>o the infn 
red 

Tlio quartz cirbon arc operatci 
on 110 or 220 volts with either altc^ 
nating or diicct current and u 10 
amiwres of current 

Uniform quality of ndiation w 
«ccurcd by the ii«e of a sm itivc 
clectromecbauicnl device which auto* 
untically maintains n himmous crea* 
cent of constant length 

The original carbon aa, as ii cd 
by rin«cn, was an open arc with a 
short crescent and poisonous gase* 
produced had to he eoiiducted to the 
open This lamp gives on abundance 
of the shorter irritating iiltrivioht 
r lys, and at the same time long, or 
mild ultraviolet, together with aeon 
tiuiioiis 'spectrum, equal to the un 
and the infrirtd ravs with > 
pleasant thcnnio radiation Thu 
phenomenon prevents e\ccs ivc burn 



Fir — Air coolfii Merciry V AFon **1 tune exposure 

I 'UP j ortet and Genoud later intro- 

duced a 1 imp for the same purpo-^, 
the London Hospital lamp, which conRisUd of an arc liaht eonsfrni’trd 
to reflect Its ravs through two rock crystal plane len«cs placed on cither 
side of a cliainWr, through which water was flowing to maintain a tern 
perature which would permit pressure ng-unst the bare akin without 
giving discomfort to the patient In this manner it was poasihlo to riudir 
the skin anemic and ao permit the penetrition of the ultraviolet rivs 
more decplv into involved maa Tho X rav later largely di plac'd t c 
litter tjpc in the treatment of infectious of the skin 

The later imciition of the tnfreury taper lavip by Cooper Ilewit 
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of the cabinet bath, «o aa to carry awaj the moisture and other emanations 
and provide a steady influx of fresh air (Fig 4) 



Flo. 5 — ILLVSTRATIVO THE Law O? RetLECTIO — THE ^VCLE OF IVC1DE%CE E<}OAI.a 
THE An Z£ op 1 EELECnOV 

Small Therapeutic Lamps and Applicators — In the writers woik 
hadiant light and Heat and toniectiu Heat and m the first edition 



li C— rEFUCTiov iBOii A Pailiboln Th lo • tl e rtUtire p ettion o{ the 1 
to tie reflect r m fr lu mg cooverg nt parAllel or diverg nt ra>s id conform ty 
\ ith til Uu of reflection 

of Therapeiutis of Internal Disra^ee Ik called attoutioii to the import mee 
of reflecting the Iig,ht raas in parallti or m slightly divergent beams 



Fifl — IVCItlEXCE 01 A FOCIS WITH XnB D\SK '“‘POT lltYONO Tilt loiAL I OINT A 
Cl cl 1 diratee th d k fi II at a fa p< nt 

(Iiffi >6 and 7) The mccssita for this was sugi^^tid hv the fact 
tint nun\ lamps on the market reflcitcd a focus nt t short di tanct from 
the limp and so rcndi-red impossihlo its thcrapeutio emploNTncnt unless 
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by the surface tolention of the skin of the patient to the heat By the 
\ise of intense forma of memdoacent mdntion, from winch the ultra 
\iolet ra\8 are ehmuiited bj passage fhroiit,h glasa, the thermic aol 
luminous effects of radiant enwga have l>ccn thoroUohh imistipitcd aod 
their \ line as tlitrapcutic measures aerified 



Fig 4 — RECuviao Boor Lk-ht I1\th 


At about the time that the hi^h candle-power limps were csploitcdt 
Dr Kellogg at the Battle Cretk Smitarium introduced the in'.an'i^® 
cent lioht cabinet baths and became an irdent adrocaie of siinlipht bi 
in the nude state . 

Liffht baths haae gone tlirongli a period of eiolution and changt, ' 
now a high state of perfection has been att lined both in point of construe' 
tiou and efficient The introduction of ventilation of this for® ° 
hath, bj the sugoCstion of Er Titns, has been recognized as iroportan , 
in order to allow the escape and change of air during the administration 
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treatment, for, as Dr Bvron S Pnte has well said, the term baking’ is 
not onl^ abbitrd but wholly misleading Baking means cooking and 
necessitates an elevation of temperature in the interior of tlie substance 
that is being baked to a degree of 1C0° F or higher, whereas the bodv 



tcmporatarc general or local probabh ncier exceeds 106® F under the 
most intensn e treatment ’ 

The incandescent light bulbs cmploTcd in theso lamps as in all thcra 
pLUtic lamps Mluch aim to product tlit greatest degree of heat penetra 
tion, arc of tbc carbon filament tape and as prcMouslj stated the o- 
called deep therapy lamps arc onl> so m name, as penetration depends 
upon the quiliti or richness of the rias in the waves of greater waae- 
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rapidlr moved over the «urface. A 
lamp of suitable tvpe haa now heea 
perfected (Fig« S and 8) Thu en 
ables the operator to place the lamp 
m po ition at a di tance at vrhich tii* 
temperature can be tolerated forrequi 
ite periods of time 

Multiple lught Eeflectors — The 
need in therapeutics for a umfom 
reflection of light over con ideralle 
surface , such as the trunk, resulted m 


Fio 8 — SiiAu. Ha:vi) Lairr Pbotot 
I'«G P ABtrirr. OR SuGHTtT DlTOl 
ttyr Rats 

the mimifacture of i tvpe of appa 
ratus tiiat hid been introduced in 
the Woman « ITo pital in Xew 
York Citv hv Dr Ilirmnn Grad 
The hi^t lights manufactured were 
cmplnvcil for warming up the 
bodies md limbs of the voting vic- 
tims of poliomi ehti , the treatment 
of whom at the reque t of Dr Pegi 
nald bavre, was placed under the 
tvritcrs direction in Bellevue Ho 
pit^l Xew York Citr, following the 
epidemic of 1812 Thc«e lamps of 
different form (Figs 10 md 11) 
were exten«ivelv emploved in the 
Phvsiotherapeutic Departments of 
the Government Hospitals dii^ng 
and foUowmg the late War "ind 
probablv accomplished more toward 
bringing the profe-sion to the rec- 
ognition of the value of radiant 
energy in therapeutics than would 
have been otherwise po sihle 

An error in the terminology of 
this form of treatment, ‘baking” 
was instituted at this time 
greater error m terminology could 
be made than the employment of 
the term ‘ baking for this form of 



Pig 9 — Labgex Laaip of Same Tvfe 
li6 8 WITH Srivp 
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treatment, for as Pr Byron S Price has well “the term hating’ is 
not onl> absurd but ■\%hollj xaisleadiDf, Baking meins cooking and 
necessitates an elevation of temperatun- m the inferior of the substance 
that is being bakotl to a degree ot IbO^ F or higher, whereas the boch 



temperature, general or local probably never cvcotds 100° F under the 
most intensive treatment ’ 

The incandescent light bulbs employed m these lamps, as m all thera 
peutio lamps which aim to produce the greatest dvgree of heat pcnctra 
tion are of the carbon iilamcnt type and ns previously stated, the so 
called “deep therapy lamps ’ are only so m name, os penetration depends 
tipon the quality or richness of the ravs m the waves of greater wave- 
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length and lo^^e^ freqiiono\, pirtiailarh the infn red ra^s, which arc far 
more nbmidaiit aa produced from the orbon filament me indcsi cut bulbs 

An adjustable form of in 
caiulcbccnt lamp, pa^ 

(liicrgtnt njs 
and of inoilerito cost, is tlic 
lamp sliown m liga 8 and 0 on 

(i ''V Apparatus — 

>, B Drj hot air nppantiis IS and to 

Ij Q iF I ndniiiiwtLr dr>liotJir lud is 

I H constnictul foi c^is and clcctn 
K H cil bcitiiip, and fur limb Dud 
bo(!> npplic itions 
Bodij hjjye — 
of itppnrnttis 

F.« u-Lv»=En T„r OF MomFLF Ltoo. ''®','' 

rcFLECToit »•> I’Ctter heated b> gis Ibinscn 

burners than b^ clcctncitv ^ 
properly constructed apparatus should be provided with moms for 
opening it and pushing th< patient into the opened receptacle or «lioiiU 



C£&- 


— Gas nr^TFD Hodt Drviiotaih VerAiLvivs 


open over the rcdinin„ table Tlio heat should be furnished through ® 
IS pipe at leist one inch in diameter, m order tint it iniv he po •'ib'^ 
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to msiire adfquate pressure tu ruse the tunpcrtture to 500® P Turkisli 
toweling wrappings and gomis jr« « stntial pitts of tlio equipment Ex 
pcriencc has shomi that there aluntld U. an upneht shield of wood provided 
to prevent the oMrbeotiug of the pititntB feet It is possible that a 
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length and lower frefiiierie\, pirtieularh tlic infra red ra^8, winch are far 
more abundant as produced fiom tlic carbon filament incandescent bulb" 

/In adjustable form of id 



candescent lamp, rtflcctiDg par 
nlltl or alijjfitlv dmrgent ravs 
and of moderate cent, is the 
lamp shown in I igs 8 and 9 ou 
pa^L JOO 

Dry hot air Apparatus — 
Dry hot air apparatus is ii'«l to 
adiiinustcr dr} hot air and is 
constructed for ^as and electri 
cal beating and for linibsnl 
body applications 

Body Jype — Tlic body trfe 
of apparatus (Iig 12) can be 
M ed onls b} institutions an! 
IS better heated bj gas Bun 


burners than b} elcctncit) 
properly constructed apparatus «liouId be provided with means for 
opening it and pushing tl»o patient into the opened receptacle or shonia 



open over the reclining table The heat should he furnished through * 
gas pipe at least one inch in diameter, in order tliat it maj he p^''^' ' 


>■ 8 



APP\EATUS 


371 


water is tlirown into stronger commotion effecting a greater degree of 
mecLauicil effect to parts under tnitmeiit (Fi^s 15 and JC) than the 
earlier tipe of sppiratiis 

Apparatus for gi'ing doudiea and jet spnjs is emplovcd in institu 
tions, Its principal effect being to prodoci. skin reaction as bot or cold 



Fig 15 — The MniBiPOOL Batu (Cou te y Dr Bard ell ) 


]cts are applied witL pressure to the body A lery actiie superficial 
hyperemia of the tissues of the shin is the result but this msj often 
bo as well or better obtained h\ the employment of body admiuistratiius 
of radiant lij.ht and heat In the treatment of the spinal cord or other 
conditions of the nenous sjstem it cannot ho compared in efficiencj with 
the static current. 

High frequency Apparatus — The earliest type of hi^h frequency ap- 
paratus designed by d Vrsonval ccmsisted of a Puhmkorff coil attached 
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de\iees and is loss e'^pcnsive to operate To meet everj demand an 
apparatus open at both ends for applying heat to the knee-joint (Fig 14) 
has been made bj the manufacturers This apparatus is only of value 
to those who have not the more effective facilities for treating arthritis 
by diathermy or the static currents 



iio 14 — ^The Gas heated Dbyikxtaib Apparatus fob Treati\o the Kaee 


Elbow Joint 

Hydrotherapeutic Apparatus — ^The facilities for administering 
whirlpool baths and cold and hot packs are the more practical tjpes ° 
apparatus required for hvdrotherapj adminstrations 

The whirlpool bath, which was designed and perfected m the os 
pitals during the Great War, has filled a useful role as a means of 
ducing a peculiar water inas<>age to inflamed tissues The '“‘''‘L, 
this apparatus has been greatly enhmeed by Dr Bardwell’s design ^ 
bvth should be made of ITonell metal which does not require pam m 
or finishing This should be made in the original form, whereby ® 
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to a resonator for fnnsformjng the IiIqIi voltage etirrtut of the coil to the 
high frequent) current (hi^ 17) 

The rvtiOnalor cousiate<l of two cindtnaer* either Lc)den jirs or other 
oondenstrs, in uhith tin foil wis insiilited littwetn liters of insulatin^ 
material A •solenoid or coil conuLcted the outer coatings of the jars or 
a corresponding arnngement was made if other t%pes of conden eis were 
used \ spark gap which might he a aned in length, single or multiple 
was placed httwetn connections between the two inner coatings The 
jars, solenoid and spark gap bcin^ arranged in senes with the inner 
coatings of the condensers wire lonncetcd with the source of the current 
on either side A solenoid or tod connected the inner coatings (Fig IS) 



Fig 18— tBSASoraiEST of Covnf sr»s '•fiSK Ocp aso ‘Solssoid Thu 8ho«» 
arra g merit itl pat ent m circuit 

The samp principle as concerns the resonator is emplojcd with all modem 
t)pes of apparitus hut avith greatlj improtcd facilities 

^^odfm, Typis — Modem tapes of apparatus used for the pioduction 
of high frequeno currents empkv the alteniating current and consist 
of a lar,,c capacit) oil immersed transformer in which the pnmarv and 
sccoudar) are wound upon two paiallel bars insulated from each other 
The primara wire receives the current fiom the VC crmmpixial current, 
or the direct current transfoinnd to alternating bv a rotarj converter 
Insulated win is wound in relative!) few turns around the pnmarv, 
and very fine insulated wire in the secondary is provided with the requisite 
number of windings or turns and finmess to give the necessary indue 
taiiee and impedance to produce the desired potential or voltage of the 
apparatus The current thus transformed is conducted into the resonator 
In the construction of these transformers attention is required bv the 
manufacturers to adjust the windings and condensers to a true rebOnmee, 
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modem tj'peg of apparatus and of an equal capacity in the closed 
condensers 

The Oudin ierminnl of a resonator is an additional requisite An 
attachment to one terminal of the dAnon^al circuit is made consisting 
of a coil of the Guillmiinot t\pe that is, the windings are arranged 
from the center to the periphery or \ice lersa, and they are of a sufficient 
number of turns to gi\e a three to fiie-inch discharge from the Oudin 
terminal This attachment is used for administering discharges of higher 
voltage than from the d Arsonval terminals and should be constructed 
with adjustments to give a range of varying discharges from the cold 
spark, which will not ignite parchment paper to a heavier fulguration 
or burning spark The latter is applied for administenDg currents with 
vacuum or non vacuum electrodes ind the hot fulguration spark, while 
the former discharge is used for administering the desiccation spark for 
the removal of condjlomata epitheliomas, keratoses and lupus patches 

Electrodes for Special Applications — A large vanetj of electrodes 
has been designed for special applications non vacuum or vacuum elec 
trodes adaptable to the vanous cavities of the bodj as well as electrodes 
for surface treatment tlectrode^ for administering diathermy currents 
are be«t made of composition metal of a cage that will not crumple, but 
that will remain rclatnclv smooth — in thickness approximately twenty 
two I! and S gage The same material is used for other electrodes These 
are made in different shape* usuallv rectangular with rounded comers 
and are adapted for applications to varjing surfaces and conditions Tho 
edge IS rolled up or evcnlv rounded so that there will he no di«eharge of 
fine sparks or sprajs from rough cd^^es or angles which would give annov 
ance to the patient and make the adminislratioQ impossible These include 
the more practical tjpes of metal surface electrodes, which can be prepared 
and used in individual cases as required by tho operator 

Disc electrodes provided with handles are furnished by manufacturers, 
but these are not readily applicable for it is not convenient for the patient 
or operator to hold them m place during the long applications which are 
necessary for the relief required 

The dtps and cords iot transference of tho current and holding the 
electrodes are of importance The cords should be made of flexible or 
braided wire which will not become angulated and break, because a break 
in the circuit of a cord will give a very disagreeable shock to a patient 
Each apparatus should also be provided with one or two bifurcated cords 
for two attachments to the patients end so that two electrodes can be 
connected from one side of the d Arsonval circuit m administering appli 
cations to two surfaces from one pole with a large indifferent electrode 
placed at a definite place to complete the circuit from these surfaces 

The clips attached to the end of the connecting cords should be pro 
vided with slots, into which may be slipped the edge of the electrodes 
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for a corrctt attiimmpnt i«s c ocnttal to the dihreiy of n proper tim 
peiitio current 

Thf •ifiarl of fh« resonator t« one of the most important f> eutids 
to a perfeoth working ipp\rilu8 TIjc muhipk spirk p^p shouU k pri>- 
-Mdfd A\5th n imni{<<r of di«haTfc»ng points and a dtiia Jo whi^'k ih'' 
length of those ^ ips in la b( larud, inctoasing or diminishing tlit rosi { 
ance n\ the pUuiit« mmt (Fig 19) to the rcfjmrettioats of tie heat 
desired and indioafid h\ a hotwire mctir m s ncs Tlie Wst Irpr^ 
>{ interrupters are thoM in whieli the multiple gips nrc all oponed to- 
gather, instead of [iKre»«inf. th» number or kiigth of the gap Tic tip? 
>f such interrupt* r*' slionld be made of tungsten n metal capable of wta 
fetinding loBj, n«ag«. 



If this* gaps di'stbargr in the open hi a method whith opens all t e 
gaps it <m time tlu oseiUations will he more perfect and nnifonn t sn 
1>\ otlur inetliods Fnrtbcrminc the wear upon all the tips is the 
and the i in ifioub lOgiiJattd hi openiug/ r closing all the gap is nm o'® 
m mipPH ( an nf oi er mam ti pe v of apparatus. , 

Cro s •parkings m (lit spirh gap produce a noisj unhanaomoi s '? 
thar^,? ind a kwer tn {uen*a in point of the o dilations thin the gsp* 
described , 

The objections to i closed gap are (1) thit it mu t be fr^u ^ 
opened and cleaned othcrwi t the discharge soon liecomes imperfect, s'' 
(2) thOwG With mica irsulatiug di is often become piinetnrtd, rtiju 
that the} be replaced 

The capacity of the condensers in the altcmating current cirti 
varied to give the flesired amplitude and frequenci Two to four wir 
densera of one quart capaati, coated, li Leiden jars withm and vit on 
over about two thirds of the aarf^u, is the usual arrangement m 
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electrodes and effluves, as measures for indociDg htat localh, are limited 
bj tbe surface irritation produced The countenmtant action of the cur 
rent bj these methods induces a verv active superficial hyperemia, and 
tbo effects are like those of conversive heat, the current passing in and 
out of the bod> — at capacity 

The technic of the methods for producing conierstve heat radiant 
hffht and heat and diathermy is distinctly variable according to the 
effects sought 

Skin Toleration —In all methods of heat application, there are prac 
tical rules of limitation to the decree of heat applied that will vary raa 
terially with diffcruit methods The skin will stand a greater degree 
of heat from dry hot air than from an\ other method of application, and 
paraffin baths are tolerated at a temper itiirc far greater than wimi water 
Thf^ surface is peculnrlj sensitive to moist applications or applications 
that produce moisture that cannot be promptly absorbed or evaporated 

Tune of Application — I' ith all methods the indication is to alter 
local conditions requiring as a nilo prolonged applications of conversive 
heat in order tbit the fined cells ma> become well heated, that the cooling 
influenco of tbo blood stream at normal temperature maj not too rapidly 
restore to normil tbe heated tissues and limit the duration of the hyper 
eniiB, which, for bcnoficial effects, should persist for a considerable time 
after the administration. 


TECHNIC OF KADIANT LIGHT AND HEAT APPLICATIONS 

Position — The position of tlic patient should, as a rule lx reclining 
and comfortable and the source of tlie rajs should be so placed that the 
radiations will be projected perpendicularly upon the surface requiring 
treatment. 

Distance — The distance from the reflecting source of light should be 
adjusted to tbe comfort of the patient with a degree of beat alwavs verging 
on discomfort — verj warm. 

Extent of Exposure — The extent of exposure, as pre\iyusl\ stated 
should be decidedly larger than the arta of involvement but should be so 
limited as not to cause discomfort from relatively heating unnecessarily 
parts not requiring it This mav uaiiallv he regulated bv tbe use of a small 
lie-ht apparatus for a small aria and larger lamps or applicators over tbe 
body and extensive surface regions 

Length of Exposure — The time required should bo m nearlj all con 
ditions, when not otherwise pecified, at least one hour for each adminis 
tration In cases of severe conditions as of erysifelas or abscesses the 
one-bour exposures should be frequtntlv repeated or continuous and con 
tinned until severe svmptoms have subsided 
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One o'^tremit} slionltl consist of an open jaw pro\)dotl with i 8crc\\ for 
clamping it to the electrode ILc clips should be cap-iblo of being k?- 
curcl) held to the electrode, so tint it will not become displaced during 
the process of treatment, when it might severeU bum the patient. 

Another measure to be provided is a me ins for securing the elcctrodis 
in position, so tint i rcstlo«« or nervous patient cannot remove them 
during the passage of the current, and so occasion a disagreeable hum 
from a small contact during the treatment h^ an attempt to remove the 
electrode when a curnnl is pissiii^ Pads with strips and buchlts or 
bandages, which cm be secured Lj the operator, are suitable devices for 
securing the electrodes m position Such is n practical precaution agamat 
accidents in ease of such patients 

Autocondensation — Jlie nutoLondcusation conch oi eliiir is one of 
tho perquisites of thermic treatment The couch or chair (Fig ”0) 
should bo of such length tliat the pat^cnt’^ bod^ and e\trcmitics can he 
placed in a field opposed to a slicct of metal or wiro mesh meisuring 
approNimatclj sixteen inches in width h^ sixtv inches m length and 
provided with a socket for connecting ono jiolt of the d \r<niival terinitial 
to tho sheet of metal Over this should be placed a felt or Bilk lined 
cushion, npproMniatcl} three inches in thicknc'-s and six inches wider 
and longer than the slicct ot metal The cushion niaj be covered with 
leather, cloth material, or pautasotc Upon this tho patient sliould rcr 
dine during the administration of the aulocoaidensation current, and it 
ma\ bo emploved either for adminislcnup the treatment for hvpertcnsiou, 
or m the indirect d Arsonval method of treatment for heat thcrapj ta 
be described 

A large ‘volcnoid for nutoeonductiou treatment, as devised bj d Vrson 
val, should be approximatclv two and one-half to three feet m diameter 
and six feet m lici^jlit when extended, and coii‘«i«t3 of a spiral coil of vviri, 
the opposite extremities of which art connected to the opposite tcnninas 
of the dArsomal solenoid Ihis ipp-iritua is not often used m this 
country and wouhl be rard^ called for, Iwcausc the autocondcnsatioa 
method is far more practical and aecoinplisLcs all or more than covi 
be accomplished hj the large solenoid 


GENERAL PRINCIPLES OF TECHNIC IN THERMOTHBRAPY 

Certain general principles apply to all methods of cmploving heat m 
therapeutics (1) the surface treated should always he considcrablj larger 
than the parts involved in the pathological process, (2) when stasia 
established, heat miv increase it whereas before stasis is cstabhs c i 
heat thoroUchlj applied — ^preferably by the coiuersivc methods maj 
prevent it, (3) the ctfccts of the high frequency vacuum and nonvaciiu® 
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Treat, irregular or threadv pulse Preexisting cyanosis gradually 
disappears 

‘ In from ten to thirta minutes after the beginning of treatment, and 
dependent cbieflr upon his reflerea the patient « pulse becomes softer, 
irhen previously hard Rather quicLlv there is established a distinct sen 
sation of a full, soft, rolling puist often with prolonged diastolic and 
full systolic periods apparentlv m part due to the diversion of the blood 
to the arterioles, whose elasticitv is inertastd by the heat hut also to 
neuromuscular stimulation Tlie qualitv of the pulse is characteristic 
once one is familiar with it 

“If, however, the bodv has been exposed to a temperature much lower 
than 400° F no such effect occurs but after a considerable length of 
time, there is, instead of stimulation an actual depression, accompanied 
by mental inactivity and a general sense of laxity proportionate to the 
length of time the patient is expo cd to tlie heat Such effect from slow 
and low heat application neutralizes all attempts at producing reflex stimu 
lation, later by rapid and high temperitnre applications 

TJndcr these latter lucoriect conditions a patient suffieriDg from car 
diao dilatation or toxicity shows littU tendency towards improvement in 
the qualitv of pul«o at anv time aud if I 01 I 5 , continued there is still 
further evidence of depre'Sion and increasing vvanosia ’ 

In order to note the heat effect produced upon the deep glandular 
areas Dr Price has found that it was ncw&sary to continue the heat 
application until the peak of nervous stimulation has been passid with a 
tendency to drowsiness el e the patient is left m an uneomiortahly over 
stimulated nervous state without the full accomplishment of the mam 
object glandular stimulation This period also corresponds with that of 
the fully developed and characteristic pul 0 quihty 

‘ Tlie patient s temperature is no index to sufficient dosage, and, if it 
were an accurate reading could not be obtained by mouth because of the 
cold applications Even the rectal tempcratiirt does not increase much over 
2 F under usual conditions Therefore the result obtained is impossible 
of explanation from the pinetrafion of heat It is a reflex result 

During this time the patient is always kept moased in Turkish towel 
mg and cold applications applied locaDv to the head The room should 
kept at a temperature not lower thin 75° F for a period of five to 
fifteen minutes during which time the water temperature is lowered 
somewhat. 

‘Immediately upon the establishment of a complete reaction the 
patient should be transferred from the oven table to the lowering device 
which 18 in readiness over the bathtub full of water beside the oven table 
This water must be at a temperature of from 107° F to 109° F , depend 
mg upon the patient. 
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Large Applicators — Lai^ applicitors with multiple liglits witlm 
a reflecting surface arc \ise<l for their tonic and constitutional effects, 
and the treatment should not bo continued until they cau«e a feeling of 
exhaustion One-half hour applications nro, as a rule, sufficient 

Light Baths — These biths should be administered, except in sturdy 
individuals, with the patient m a reclining position and followed ty s 
considerable period of rest after the administration The temperature 
of the bath should be such as not to catu>e discomfort to the patient and 
the time ordmanlj not longer than twenty minutes 
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No treatment should ho administered during the period of active diges- 
tion or while under excitement The room m which the treatment is 
gi\en should be well ■ventilated and should he at a comfortable tempera 
tuxo at the time when the patient is being transferred, when all draughts 
must bo av oided 

The admmistntion should take place with the patient lying m position 
upon the oven table The oven tnble should be perforated and provided 
with a mattress about one inch id thickness for the comfort of the patient, 
and to protect against burning The pilicnt should bo covered with three 
thicknesses of Turkish toweling tneked in around the extremities or 
angular parts of the body Additional thicknesses of tOTvcliDg should 
be applied over the feet and legs, and, if the patient is corpulent, another 
thickness over the abdomen Ibose wrippiiigs should be without folds 
and applied without undue pressure anv where, and tho bath shctt shouil 
bo tucked in under the mattress edge, otherwise some of the heat will 
escape The ov cn table is then pushed into tho ov en and the heat retaining 
curtain is placed around the patient’s neck and shoulders, in order that 
the hot air may not escape Tho gas is then lighted and the oven tem 
peraturc should nso to from 400° to 450° F within four minutes A 
lower oven temperature and less covering docs not give the same resii 
During the administration and al'<o after being placed m bed, the p!i 
tient’s bead must bo constantly cooled with frequent local appUcat'oi^ 
of cold damp cloths 

When the body is exposed to high temperatures and tho head is 
kept cooled a secondary dilatation of the intracranial vessels ■will he pi^ 
vented and the following evidence of the reflex effect will ho produce 

“Shortly there is a marked reflexstunulation [in every case] Thissfati 
of stimulation is accompanied mental exhilaration and clanty o 
thought The pulse becomes slower, fuller, and relatively strong m 
of cardiac dilatation or toxicity m •whidi there was previously a rapiuj 
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Local Hot air Baths — The local hot air l«fh is indicated for the treat 
ment of local septic infection in an arm or leg where stasis and edema 
art not too marked or where pus, it present in the subcutaneous tissues 
has been evacuated The parts should be wrapped in at least three or 
four thicknesses of Turki«b toweling and placed in a smill oien designed 
for the purpose, upon the suspension device provided m the apparatus, 
and with the heat retaining curtain cirefuHv adjusted so that no heat 
will tbcjpc , the heat is then turned on 


TECHNIC rOE ADMINISTERING HYDROTHERAPY 

The tedmic for ulminibtermg hvdrutherap^ according to Baruch is 
as follows 

The Wet Pack — Two larijr woolen bhnkcts aie spread ui^ou a mat 
tre«s most appropriately pKceil (n rubber shtet must intervcDo to protect 
It from the moisture) upon a high four letted cot Upon this is spread 
smoothlj a linen shtet, wrung out of water ot tempentiire 60® to 70 F , 
appropriate to tho case the blanket should be long enough to ettend 
a foot or more bevond the pitients extremities The patient is placed 
upon the sheet with his irms raised alongside the head One-third of 
the sheet is drawn from left to riglit across Uie chest The arms are low 
ered alongside the bodv ainl the other two-thirds of the sheet are brought 
across the bod^, covering both arms but leaving the latter separated 
from the trunk bv the intervening sheet The lower part of the latter 
18 pressed between the thighs and legs and the lower border tucked under 
the heels The upper border of the blanket is now grasped with the 
right hand, drawn at ri„ht angles to the clavicle downward, the fingers of 
the left hand are placed about fifteen inefies from the clavicle agam«t the 
border of this tij,htlj drawn portion and held there while the right hand 
draws and pu hes the latter across the chest over the clavicle and shoulder 
beneath which it is tucked This procedure is similar to reversing a 
bandage Then on both sides the blmket is brought over the body and 
tigbtlv tucked under it then dnwing with the left hand upon the por 
tion of the blanket or sheet covering the patient, then with the outstretched 
fingers of the right hand pushiDo the border of the blanket covering the 
bodj beneath the latter along the entire length of the bodv This pro- 
cedure IS repeated on the other side with the second blanket The lower 
ed^e of the blanket is now gathered together and tucked beneath the 
heels Fvervthing depends upon complete exclusion of air from the 
blanket cover The patient mav now be covraed with more woolen blankets 
if necessarv If the covering has been skillfully done the patient will 
resemble a mummy whose bead is enveloped in a wet turban Unless 
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“After a period of five to fifteen minutce, during which time the water 
temperature is loivered somewhat, the pulse diminishes slightly in fre- 
quency and loses some of the characteristic rolhoo qiuliti At this 
time the patient should be raised out of the water on the tub elevatw 
and, under the Turkish toweling, t,nen a rapid rub with hot salt all 
o\er the body It is imperatue to a\oid the contact of air currents, e\en 
for an instant, as tho\ cause ptnpheml arterial contact with correspond 
mg splanchnic dilatation ” 

After the salt rub the patient is at,am immersed, to wash off the salt, 
and then raised out of the wahr and mertd with a hot dry bath iheet, 
replacing the wet one The patient must alwa^8 be kept in the prone 
position, and is not allowed to sit upright for danger of syncope The 
blood at this time has been drawn from the interior to the siirtace, and 
It ma\ be said in this connection that the skin will contain two-thirds 
of the blood of the body , for this reason great care should be taken m 
all the motcmeiita of the pitieut that he be lifted and inaintained to ^ 
reclining position 

After rfmo\al to the table he is thoroiiglU dried and massaged, and 
18 allowed nothing to e^t or drink except hot water, if thirsty, for s 
period of two or three hours or more, depending upon the condition, duriUo 
which period he 19 not allowed to change from i horizontal posdiou 0 
he might suffer in attack of syncope, fiom the presence of so much blood at 
the surface 

“After a period of five to «even hourx, except where eipoeially contra 
indicated, the patient may assume his usual course It is necexsarj » 
remain quiet for this period, as such is required for the natural a 
complete restoration of responsiveness on the part of the heart mnscu., 
as well as that of lasoinotor control lu persons y\ith cardiovici 
disease there is serious danger in getting around earlier If such a per*on 
rises too early after the treatment, there is spl inchnic dilatation 1“ 
degree depending upon conditions, but in all cases the early aaswuno© 
of the upright position obviously dislurlx* the channels of vascular ui a 
tion as produced by the heat, with the consequence that the g’amu 
activity already established 13 terminated 

“After a properly managed oven bath in cases of suhmetaholism t 
IS found in the folloiving tyvinty four hour sample of urine a . 
increase m the total solids oier tho preceding sample, whether the 
hciencv was in urea or chlonds, elimination arising from acidosis, in 
tinal toxemia or in the blood retention of sugar Ihe Wood ana 
correspondingly shows a diminution m urea chlonds sugar, or ace on 
bodies This result is so pronounced that «uch cases, yvhen v 

hopeless, do rey ive because of the stimulation of tlu deep reflexes and 
prompt elimination ” 
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The aerator designed bj Dr Bardwell differs distinctively in the 
nozzle, which mav be attached to an> tank, of which there were and are 
now manj forms emplojed m the Ann'i Hospitals and m the Veteran’s 
clinics 

The apparatus is best made attached to the tank as a permanent 
fixture with provision for the drain overflow The Leonard mixing \al\e 
and air meter should be directly attached to the tank as anj two faucets 
on a sink 

This apparatus is used ver^ extensively in the Veteran's Bureau 
Hospitals throughout the country and serves a usctul purpose as one of 
the measures that are emploved for relieving some of the less common 
painful conditions 
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Heat Therapy — This subject embraces a very extensive field of jndi 
cations It fills a very important role in the treatment of a lar^e range 
of impaired conditions of function and inflammation There is undoubt 
edlv no measure in medical use that so aptlv or completely fills the useful 
demand for the treatment of infteitom conditions as the methods of em 
ploving convective and conversivc heat Likewise, m the treatment of 
defective metabolism impaired bv inflammation and disturbed functions, 
these measures are used m conjunction with other physical modalities 
and accomplish results that are not and cannot be obtained by other 
measures in medical practice 

The application of radiant light and heat dn hot air, and diathermy 
to the treatment of local i«/edion as previously stated in explaining the 
physiological effects of hjpcremia acts upon infectious conditions in three 
distinct wavs 

1 The application of heat and light is particularly efficacious in 
dcstroyin,, certain bacteria tn stiu All bacteria in superficial fields sus 
ceptible to light or 100° F of heat may be destroyed by appliuations of 
radiant light and beat from incandescent sources In the administration 
of reflected incandescent light and heat, the limit of the temperature 
to be employed will depend upon the skm toleration and so also in the 
cavities of the body conditions that are susceptible to heat as the pres 
ence of gonococci vield to applications of diathermy 

The skin and tissues as previously stated will readily withstand the 
ultraviolet rays and all bactena located m or immediately beneath the 
surface are destroved This property renders them invaluable in the 
treatment of a large range of infectious randitions 

2 Another method of effecting the destruction of bacteria is by the 
institution of active hyperemia throu^ heating of the involved tissues 
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guen for msoumn the patient should receive an affusion at 70® F after 
removal from the wet pack and go into the open air after being dried 

“Modification of this procedure consists in half packs, m which smaller 
or larger parts of the hodj arc enveloped m the damp sheet The duration 
of the pack (which should be from one-half to one hour), the terture of tke 
sheet, the temperature of the water and extent of pack, as well as the repe- 
titions, modifj the effect materially, as will ho seen If given for insom 
nia, the patient must rcmnn m the pack, if asleep , rapid hut gentle drying 
follows, and tho pack must he given in the bed ” 

Dr Baruch further states “The first effect of contact with the cold, 
damp sheet is an irritation to the cutaneous nerves, and narrowing of 
the cutaneous vessels, which continues until the individuals power of 
reaction comes into play This depends, as in nil hydriatic procedures, 
upon the age and condition of the pntient, old people and children do not 
react is readilv as adults, and a previous high tempernturc of the skm 
furthers ripid renction when circuhtion is not very feeble There bem 
no mcchmical aid given by the attendant, os in the sheet bitb, reaction 
depends entirely upon the vital powers of the patient This fact dia 
tingmshes the net pack completely from oil other Uydrivtic procedures) 
and demands judicious recognition of the patients rnctivo eipacity ^s 
soon as the first “shock” is over, which lasts one to five minutes and sofflc 
times produces shivering, the poriphervl vessels begin to dilate, and the 
system makes an effort to equalize the temperature between tho skin and 
the sheet '^hen the bodv temperature is high, as m fevers, there is no 
chilliness, the cooled blood is driven from tho surface to the subjaceu 
structures, but verv soon the warm blood from the interior takes its pises, 
and dilatation of the ves^ls is the result This continuous intcrchangi 
of temperature which ocairs easih and slowlv m patients with norma 
temperatuie, gives rise to a vaporization of the sheet which furthers loss 
of heat from the skin This is increased by non-conductivity of tbeblanki 
He soon experiences a mild heatmg of the bodv due to the conservative 
powers of the organism, continuing to create heat to compensate for t e 
threatened or accomplished loss ” 

The Whirlpool Bath — This bath, introduced during the Great 
for use in the Armv, serves as a valuable means of treating open 
and inflammatory conditions It was found particularlv valuable m ® 
treatment of tender stumps The parts should bt immersed for a con 
aiderable time during each administration 

The discharge of water through a one eighth inch opening under pre® 
sure as m the Bardwell type of bath (Eigs 15 and 1C) draws m the flii", 
giving a greater degree of commotion in the tank than did the first appu 
ratus used m the Gov eminent Hosptals 
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siliti itlmi the first t« entj four liours confirmed long ago m the writer s 
c'spi nence, is the application of the static wave current with a small metal 
or snrfiec vKiuiin electrode pliced directlj over the enlarged hardened 
tmsil, nhicli imv thus h softened with a complete rcbolution of the in 
duration lufore pus Tliere is no danger in the first twenty four hour«, 
lipfort pus, ot extending the infection, hut the method is effective in 
rtsoh mg the process and aborting the tonsihtis 

Felons and Whitlows — When these are treated m the first tweutv 
four hours, thev may also be promptlv relieved bj the static method 
Long txposiirLs to ridnnt light and hi it should precede the use of the 
static current in thtst casts and also m ca ts ot tonsilitis Otherwise 
felons and whitlows iua\ he treaUd with ultrniolet rajs and incaiidesctnt 
li^ht radiations as outlintd in the tnatraeut of boils and furuncles 

Acute Otitis Media — Treatment ot this discssi hj radiant Iioht ami 
iieat is one of the classical methods in heat tbcnpv that should be univer 
sally adopted, and would be but foi the inattention manifested bv the 
otologi ta In the first stage of au otiliv niwlia, if ndiaut light and heat 
IS thoToughlj applied for me or two hours to the surface, at a distance 
at which the pUitnt will tolerate the beat this procedure will often abort 
the infection at tho onset This the author his confirmed in two instances 
on Lis own person If, however the condition is not aborted, the relict 
afforded hv the local applications ol reflected mcandsbcont light and heit 
will in ure the patient greit relict from the intense pun After the pus 
has begun to discharge, wbctlicr a paracentesis is done or not if the light 
applications are persisted in with tw > one hour applications on the first daj 
an I onci or twici daih on subsequent dais tor at least one hour each tune, 
tlie trouble will be cured with the membrane repaired within two weeks, 
and a chronic disflnrgo will not persist 

Chronic Purulent Otitis Media — This can bo relieved bj daily one 
hour applications of reflected radiant incandescent light, as m the acute 
ca es This tixitment will sncccssfullv cure most cases m which there 
13 no bone lucrosis within llirce- weeks and usuallv much sooner with a 
liedhng of the inpmhnne This mi thud was introduced bj Herbert F 
Pitcher II D, of IlavfrhilJ Massachusetts aud the writer has observed 
ihc results from the method in a large number of easts m none of which 
it took over three weeks to effect a eun If this statement is doubted a 
thorough trial and investigation of the method will bo convincing 

Mastoiditis — Mastoiditis would verv raitlj occur if otitis media was 
attended to bj the method described It has often been aborted by the 
method outlined ahive as rc|»ortcd bv Dr Pitcher m his original paper 
and this method should bo recommended in early eases, notwithstanding 
tho attitude of the aunsts If pending an. operation there was a delay 
for from ten to fittceii hours a more or less persistent application of 
reflected light over the involved parts has m many cases caused a dia 
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Bj this means the phagocjtes are drawn in greater numbers into the 
infected field, raising the local resistance of the tissues and thereby 
enabling the phagoc\tes to destroy the bacteria, and the tissues to throF 
off the locil invaders The altered condition of nutrition, furthermore 
gives added force to tho fited cells, the macrophages, m the lymphatic 
system, whereby resistance is fortified against infection and the system 
IS enabled to throw off bacterial invaders 

3 Another method of tffectiUo i local process of inftction is bv the 
use of the X ra\ or radium, wherel^ the bacteria are sterilized and so 
rendered inert After a requisite series of sliort evpoaures, an actire 
hyperemia is induced, is by the previous method, so carry ing away the 
inert bacteria Tho success of this method is practically demonstrated 
m tubcT'cnlar and pvogenic processes 

Treatment op Spectai. Covditioxs op Ixfectiov 

Boils — In boils prolonged applications of radnnt light and beat, or 
prolonged applications of the bigli frequency current from vacuum or non 
vacuum electrodes, will often abort the procc«3 This is accomplished 
by the induction of active hyperemia and the action of the heat upon the 
bacteria 

Abscesses — Ultraviolet rav« Lave proved very efficacious in cnriDo 
incipient abscesses when applied through a quartz applicator with com 
pression of the offending process Tint •iich on application may produc® 
a blister should not forestall a thorough application to the surface, as the 
blister soon disappears and the germ process as well, when treated before 
pus The same measure may be effective m aborting carhitncles in Ihv 
first stage before pus is formed Tho ultraviolet application should he 
followed promptly on the follovving dav by the application of rcflecte 
incandescent ravs with long exposures, which will hasten the healing® 
the blister and further destroy any remaining local infection 

Another method which has hcen successful in the treatment of 
huncles and crops of hoils is the adrainiitrition of an erythema do e o 
Xravs, followed the next day by a two hour application of reflected ra 
diant incandescent light, and this followed by a thorough application o 
the high frequency current from vacuum or non v acuum electrodes i ^ 
are three factors which enter mto this methoil (1) thorough 
— not destruction — of the bacteria hv the prolonged application of X 
(2) actiie hyperemia induced by the radiant light and heat, which carries 
m a vast number of phagocytes, and (3) tissue resistance and 
tosis which 13 still further accentuated by the application to the sur 8 
of the current with the high frequency electrode^ 

Quinsy — This may be relieved by the same methods applied externa J” 
over the indurated tonsil Another method of treating suppurative ton 
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liour 13 remarkable and the progrt’»s to a cure usuallj complete m a few 
days 

Foreign Bodies — Following removal of a foreign bodv from the eve 
the application of reflected light for half an hour will afford prompt relief 
from the irritation caused by the prebence of the foreign body 

Erysipelas —There is nothing during recent years that has given the 
writer greater satisfaction thnn his own results and those of others from 
the u^e of radiant incandescent light in the treatment of erysipelas The 
distovcn of its efiicacy was m'lde b> the writer more than ton years ago 
when a patient camo into the office with a well-developed erysipelas 
of the face in the first stage The light was reflected upon the surface 
for one and one-half hours and the relief was complete, as the condition 
made no further progress This led to a nuestion as to the diagnosis, but 
vhen light was applied later m a \er\ striking and marked case, the same 
result was obtained with a complete cwro of the condition within two 
dais It was thus demonstrated that erisipelas can be cured by this 
method, and this has been repcatodlv verified 

Local Septic Infection — Loc il septic infection or blood poisoning 
has destroved tho lives of many pbvsicians and surgeons, and frequent 
reports of fatalities establish the condition as a matter of so groat concern 
that the management of the e cases hy heat therapy must bo considered 
at length, bccuuo we boluvo it to embrace methods of great importance 
in an otherwise unfortunato class of conditions 

IVhen following an accident or operition the surgeon discovers a 
point of infection or upon a patient a painful spot appears having the 
characteristic indication of septic infection, (he early application of the 
ultraviolet rays over tho site followed by a long application of reflected 
incandescent light and heat will in nesrlj all matinees abort the trouble 
In the absence ot a mercury vapor lamp there are few cases that will 
not vield to prolonged applications of incandescent radiations from the 
small therapeutic lamp it this early stage ^Vhen however, the infection 
has become, seated in the hand or le^, and lymphangitis appears the 
seriousness of the condition will be confirmed That there is no difScultv 
in controlling the infection at this stage, either by prolonged applications 
of radiant light and heat or by the ultraviolet ravs either in cases of this 
kind, or in any case in which pus has not accumulated, is an established 
fact 

In septic cases which have been opened and drained but in which from 
peripheral indications extension to the trunk, is to be apprehended, the 
udministration of dry hot-air m the localized oven for treating arms or 
legs promises prompt relief With the parts well wrapped in three or 
four thicknesses of Turkish toweling and enclosed m the oven employing 
a temperature of from 400 F to 500® F for one hour daily the heat 
will promptly relieve and cure the condition in three or four days This 
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tinct fall in the leukocyte count, indicating that operation ivas unneoessarr 
Numerous cases of mastoiditis ha\c already been reported as having kfa 
cured bv danng men who were ■willing to take a chance in the face oi 
surgical criticism. There is abundant evidence of the wisdom of such 
a course We believe that every effort should he made to bring thf- 
otologist to recognize the importance of employ mg, in the treatment of 
otitis media, a measure so safe and so certain of success TOen this is 
done, mastoiditis will be a rare condition. 

Coryza — A simple coryza, affoctiiio the mucous membrane of tie 
nares, is relieved with remarkable promptness by repeated one-hour appli 
cations of reflected incandescent light, employing the smaller lamp These 
applications should be made morning and evening, ■with the lamp sus- 
pended at a distance that can easily be tolerated by the skin, so as not to 
cause the patient undue discomfort If desired, a small pledget of mois- 
tened cotton may be put over each eye, but there is no harm from the 
exposure, if the eyes arc kept closed during the application If adminis- 
tered morning and evening rarely more than three or four apphcatiou 
will he required completely to relievo the coryza The same measurs 
applied to a throat affected with laryngitis will afford relief The effect, 
however is not so uuiformly successful as with coryza, but prorapth yiel^^ 
to diathermy 

Sinusitis — When this is treated by the same method as corvza it will 
require a greater number of applications, but m most cases can bo com 
pletely relieved within one month, varying with the condition — acute of 
chronic This has been a routine practice m the offices of the writer for 
the past fifteen years, and the results hare been so uniformly successful 
that he can speak in the highest terms of the results 

Another beneficial method in these cases is the use of diathermy wt 
the active electrode placed over the forehead and sinuses and the m 
different one upon the back of the neck The active electrode flbou 
be about two inches in width and six inches long The relief from dis- 
comfort is often instantancons 

Suppurative Conditions — In suppurative conditions of the antrum 
the persistent use of light, after the cavity has been drained through an 
opening into the nares, ean be depended upon to dispel the condition 
which would, otherwise, be persistent To relieve this condition cither m 
sinusitis or in antral ahscesoes will require several weeks of daily use 
of the radiant incandescent li^t 

Purulent Conjunctivitis — In purulent conjunctivitis of pvogcnm 
and gonorrheal origin the radiant incandescent light is remarkablv e 
tive in conferring relief It is, undoubtedly, the heat in these ca'M 
effects the destruction of the bacterial process From the in«titution 
the treatment applications ^onld be made of one hour in duration c 
followed by a two hour interval The relief from pain in the first a 
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said to the writer that he had tried the next case, with success, and that 
he now employs it is a routine method not onU in mfictions, but bc- 
fcre and after operations 

It will Ik bicn be these reports that, eaen m serious and neglected 
cases the measures are ‘uiecessiiil, so long as a senous destruction of the 
parts or adhesion of tendons m their sheaths has not \ct hccome assured 
There is no subject among those hero treated for which the author 
a ks i more conscientious Bampithetie imestigation of the statements 
made than in septic eases since tliereh> fatalities can he curtailed and 
the number of disabled and trippled limbs tan be reduced 

Indurated Acne — This class of condition is not as a rule successfulh 
treated bj the usual demiatologieal methods During the past twentj 
Mai-s aerj inan\ aoiing men nnd women have come to the office of the 
vnUPT and hia wife and assotiatv Dr Mvrv Arnold “^now, ■with their 
faces scarred and iii varving degrees covered vvith large hearj acne 
pustules The practice of treating these cases bv puncture curettage 
uid anti eptic injections hi« iKcn of little avail in heu of what we be- 
lieve to he the curative method of choice — the X riv We wish to em 
phasize here the importanec of emploving other methods with this 

If following the list i. rav exposure there are still a few persistent 
pustules a small number oi applications of the vacuum electrode pref 
triblv emplovin^ the static current hut otherwise with the high frequency 
apparatus thotoughlv applied over the tace. will leave the shm free and 
clear of the infection 

It may prove possible tbouji in tin writers capenence this has not 
been demonstrated to cure indurated \ene with repeated applications of 
the nllraiiotet rays 

lliG difhcultj in furnueles and crops of boils is that the extension of 
the infection tikes place through the ivmphatics under the surface of the 
skin and that the procc»‘‘cs crop up like weeds in the garden from a pre- 
ceding infcetioii, which the ultraviolet rav mav nit penetrate deep enough 
to forestall as the Xriv does It is probable that persistent applies 
tions of the glass electrode currents or of reflected incandescent light would 
bn more effectire ni thc“e ca es than the ultraviolet ray The X raj has 
hllcd the rele in the writer s experience without a failure in a very large 
uuinbi r of cases, at least fiftv and he cordially endorses the method 
In nmph acne the chief indication is to produce contraction of the 
outer laver of the skin and so disc the mouths of the sebaceous filhcles 
against odmisaion of foreign substance and consequent blackheads and 
suppuration It is in the relaxed porous akm of the voung man or 
Woman at pubertv that this condition generally occurs and the presence 
of the=* blemishes is a source of great amM^amce to those so marked One 
series of X lay exposures will usually suffice to effect a cure T ns has 
betn verified in tlic experience of numeroiu writers 
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statement is basod upon personal expenenee u itli a large imraber of casrs 
uitbout a fulurc 

Ihc following ease reports will illustrate the method iii serious C3''‘3 
luidcr 'var\mg conditions Ilierc are so man\ failures under the present 
practice of applying hot wet drc3sint,s and the hmfc, and =o many rf 
thc'^t ciSLs occur, as to lead the writer to urge the investigation of the 
methods outlined 

Case 1 Hr S referred Lj a local physician came under oh ervation 
after nmiiorons openings had licen mule druiiing the pus from the sub- 
cutaneous, tissues of the arm lud fort inn Ihc arm was wrapp'd m 
lurkibh towchiio iiid plated in the local o\tii appii itns (Fig 
cordin^ to the technic elscwlitre distnlxal Hie treitmcnt was given, os 
18 customarv, lor from thirty to forl^ iiiniiites with a temperature of 
400° F After this application tiu irm vv is dressed and bitidagcd, an! 
the treatment was repeated on the following day and agiin on the thirl 
dav After these three admuiistntioiis there was no further evidence of 


mfcttion and the parts helical jiromptlv without iurtlicr treatment 

Case 2 A loovl phvsician who had infected his right hand at an 
operation came with a distinct swelling in the hind and forearm with 
no evidcnct of fluctuation or the pre cnee of pus hut with a IvmphaiiBitis 
extending up the arm to the axilla, indicating that the infection vvis well 
advanced The part was subjected to the «amo treatment ns the pre* 
ceding ease, and ouU three treatments were mcossirj to remove the m 
fection As a nilc tins is the orduur> routine hoforo pus i formed m 


the subcutaneous tibsues 

Case 3 The third ease n presented a condition that hid been inglectid 
for three months following the infoetion '\\ hen the ta c came under ob 
servation there were three sinuses discharging pus on the hick of tlic 
right hand The joints were stiff and the hind ustlcbS The end o 
the index finger was sloughing to the bone Iho fxainmation demnn 
strated that the tendons were not bound in the slicatlis A g>od propiosis 
was given, much to the surprise of the surge on Vit in'-titutcd the dr^ 
hotair oven treatment which was administered five times and m the m 
terval long applications of reflected iiiniidts<.ent light were made, 
forearm and hand were exercised and vibrited between treatments 
parts gradually became flexible, the simi cs clo'scd, and the ulceration a 
the end of the index finder litiUd pmmptlv witliin three week* 


patient was able to return home witli a useful hand 

In an interview with Dr Oehsner in Cliirago, in the sumnnr of 19 
he related his experience avith an infection m Ins own arm, from w' 
ho had heen flufFering sevcrelv vvinn one of the vouiig imn on Ins 
sUj,,e,estcd radiant incandescent light As a matter of fact the 
not have much faith in the meiswrc, hut he said, ‘ Trv anything 
condition was promptly relieved and be was soon cured Still skeptica 
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said to tbe ■writer that lie had tried the next ciae with succc^s and that 
he now craplojs it as a routine method not oii!^ in infectious hut be- 
fcrp and after operations 

It will K seen ha the e reports that, cacn in serious and neglected 
ca C8, the meisims are Mictessiiil, so long is a serious destruction of the 
parts or idhesion of tendons m their sheaths has not act become assured 
Then. IS no subject anion^ those hero treited for which the author 
a'sks a more con ciciitious sympathetic investigition of the statements 
nude than in septic cases, j>mce thereby fatalities can be curtailed and 
tlie nninbir of disabled and crippled limbs can be reduced 

Indurated Acne — This class of condition is not as a rulo succcssfuUs 
treated by the usual dermatolo^ictl methods During the past twenti 
lears lerv many \oung men and avomen hue come to the office of the 
writer and his wife and associate Dr Man Arnold ''now, with their 
faces scarred and in -virMn^ deJn^-S covered with large lieivy acne 
pustules The practice of treating these oa es bv puncture curettage 
ind antiseptic injoctioiia has been of little avail in lieu of what wo be- 
lieve to lo the curitnc method of choice — the X nv We wish to em 
phasize hero the importance of eniplo'ing other methods with this 

If, following the last X rav exposure, there are still a iew persistent 
pnstuIeB a small number ot applications ot the vacuum electrode pref 
eribly emplovmg the static airrenf but othcmiw with the hiji frequtnev 
ajipamtus thoroughlv applied over the lace, will leave the skin free and 
clear of the infection 

It mav prove poa ibl< thoiigli m the writer s experience this has not 
been demonstrated to cure indnnted acne with repeated applications ot 
the ultmiiolei ray^ 

The difficultv in furnveUs and crops of boils is that the ettcnsion of 
the infection takes place through the Ivmphatics under the surface of the 
skin and that the proce ses crop up like weeds in the garden from a pre 
cidm^, infection which the ultraviolet rav mav not penetrate deep enough 
to forestall as the X ra> does It is probable that persistent applies 
tions of the glass electrode currents or of reflected mcandeacint light would 
b< more effective in these ca cs than the ultraviolet ray The \ rav has 
filed the role in the. writer s expencnce without a failure m a verv large 
numl er of cases at kist fifty, and he cordially endorscu the method 
Jn simple acne the chief indication is to produce contraction of the 
outer lavor of the skin and so close the mouths of the sihaceous iollieles 
d„ain t admission of foreign substinee, and consequent blackheads and 
suppuration It is in the relaxed porous skin of the voung min or 
woman at pnhertv that this condition generally occurs and tho presence 
of tlip e bJcmislics is n source of great annovance to those so marked One 
sen 3 of X ray exposures will uauallv suffice to effect a cure This has 
liciu vprifi(.d in the experience of numerous writers 
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Fungus Infections of Skin &nd Scalp —In these conditions, jnciuamj 
tinea tonsurans, fnius, and sycosis, the X nj has long held an unques 
tioned reputation as a curative mensure There is, however, no douU 
that radiant light and heat and the ultraviolet rajs, particularly the latter, 
will proto capable of dcstroMnij the fungi of these conditions If the 
ultraviolet rava are employed, n blister should he induced at each evposure, 
and this course should be persisted lu TIic exposures or applications 
should bo made b\ passing tlie rata thmugh a quartz applicator and apph 
mg them with pressure over the afTccted areas 

Urticaria and Hives — These affections usually an e from a disturloj 
gastro intestinal tract, often due to idiosyncrasy to some food, and mar 
persist after removal of tho cause Tbev may then le promptly relieved by 
long exposures to incandescent light radiations 

Treatment of Pulmonary Conditions — In the treatment of pulmonary 
affections occurring at aarioits sites, there arc probably no measures more 
energetic or successful in limiting the process and relieving the condition 
than the administration of radiant energy and dmthcrmv, particuUrlr 
the latter In the incipient stage of pulmonarv tuberculosis, before to 
IS danger from hemorrhage, hyperemia mduced throughout the lung sub 
stance bv high frequency diathermy offtre much through arrestnient of 
the process bv the local destruction of bacteria on the part of thcbmpiifr 
evtes The X ray has been demonstrated to incroist local Ivmpbocvtosii 
and IS indicated in conjunction with other measures These incaaurts cihr 
much in relieving the incipient stage of pulmonarv tuberculosis, whh tbs 
corrections of habits, or of digestive disturbance or other fimctionsl ui 
rangeraonts which have lowered the patient's resifttaiico 

In acuie pleurisy there is probably no other measure that will “ 
prompt and complete relief as diathermy, employing two large me 
electrodes, usually placed laterally on the opposite oidcs orcr the lun^s, 
directly opposite The pain and fever disappear as a rule with t’m ^ 
treatment, which should be applied with as high a temperature as ^ 
skin will permit According to the writers expcncnco the duration s 
be for one hour at the first sitting, and the patient should have tbo weun 
ing apparel all rcmovevl and be cither wrapped m a ahcct or in a 'mo 
or pajamas This prcc'tvtjon as talrn in tho treatment of all 
which tho high frequency current is emplovcd over large surfaces m ov 
that the clothing may not become moistened by tho general 
induced, and so endanger tho patient to a future dull from exposure a 
leaving the offices , ,„1J be 

Bronchitis Acute and Chronic — Acute — Acute bronchitis siw 
treated in practically tho same manner as pleurisy, the electrodes, 
ever, being placed anteriorly and posteriorly instead of lateralh 
same rules as to dosage and precautions against dampness of the c o o 
and thorough drying of the patient before dressing should be ol'se 
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The electrodes m these cisea shoaH bo approTitnatelj twelve inches square 
When there is a complicating largngitis the anterior electrode may have 
attached to it another small electrode placed over fho larvux during the 
administration There aro few cases of acute bronchitis that cannot be 
effectivclv cured in two or three such ndmmistrations There is no more 
gratifving result obtained hj any other method in any condition than bv 
diathermv in the treatment of acute bronchitis 

Chmuc — In chronic bronchitis three or four weeks mav be required 
to effect absolute relief of the condition Treatments should be given at 
first daily and continued on alternate dejs until the chronic cough has 
completelj disappeared It is rarely necessary m the treatment of these 
ca-cs to administer expectorants as the relief is so prompt and progres 
sire that these nauseating and depressing measures may be avoided 

Pneumonia — It has been antitipxted from the results obtained in the 
treatment of pleunsg and hrcnchitis that pneumonia would naturallv be 
relieved and posaiblv cured bv the same measures Clinicians familiar 
with the indications for the use of radiant light and heat have frequentlj 
shown that pneumonia patients are relieved from cardiac weakness with 
control of temperatures and increased elimination by prolonged applies 
tions of this remedv The yilue of reflected incandescent light in pneu 
monia has often been confirmed Even if not emploved throughout the 
whole course, the effects are most gratifying at the time nearing tho 
cnsiB, with indications of cardiac failure and with a weak irregular pulse 
The following case will illustrate the point of view 
A phvsician called the writer in consultation concerning the condi 
tion of his father an aged man who was suffering at the penod of crisis 
with delinum The pul«o was weak and intertnittpnt and the prognosis 
serious Prolonged applications of reflected incandescent light were ad 
vised over the chest and bodj emplojiiig a multiple light applicator 
The result was hichlv gratifvmg Immediately the force of the pulse 
increased and the lieata became regular the respirations became deeper 
the dcIinum disappeared and the patient made a prompt recoverv 

This was in accord with the principles set forth in the previous part of 
this chapter, where the effect of peripheral heat applications upon the deep 
spinal R flexes is referred to as affecting cardiac and pulmonary centers 
There is no danger, whatever from such an administration and reflex 
respmse of the vital centers to peripheral stimulation may be relied upon 
as other stimulants caiinot be with the same confidence 

Reported success from the employment of diathermy m all stages of 
pneumonia has opened up in a most striking wav the indications for its 
rational emplovment It seems from the reports that, at anv stage of 
tho infection, improvement instituted from the first adrainistcation 
It IS possible that when tlit. first severe pleuritic pains and the chill 
mark the onset if diathermy is at once administered throughout the 
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iii\olved portion of the lung, the condition be promptiv aborted as 
occurs m all cises of pleunsy that ire treated at the onset The incrc^cd 
influx of arterial blood to the longs cimcs along a nuiltitiide of plia^n- 
evtes, which ma> proie capable of cleaning out the bacteria from 
Ijmph spaces, as the^ do in bronchitis, so aborting the proce s at the 
outset Cases of seiere pleurisy iro promptly arrested and ve bcliere 
that pneutnonn nia^ bo in the first stages 

It IS onlj fair to presume that this would occur after the results ob- 
tained m the treatment of ad\inccd cises Nine ca«cs were reported 
b\ Dr Harr^ Eaton Stewart of New Haien Comiecticnt, winch were 
treated at the Marine Hospital on Staten Island under Ins direction In 
even instance Ijsis was instituted at the first administration of dntknnr, 
the current being emplovcd for not longer than onelnlf hour, and re- 
coverv was complete in every one of the ci&es so treated, except one, a 
tenth case, in which there were complicating conditions In this ca e 
the findings at autopsv were “Lohar pneumonia on tlio right, central 
pneumonia on the left, pleunsv with effusions on the left eepticemia in 
the pleural cavity and an exiidato about one-eighth inch thick, whieli 
ooyered the pleura ’ 

The follovring are Dr Stewart s conclusions 

“The results in the«c casts arc suggestive tint dnthcrm> will have 
a marked influence in hastening rtcorcry in pneumonia The endenw 
IS not at all conclusive In scvttvl of the cases the diathennv wit a’ 
instituted until the time when in favorable cases the temperature mie 
he expected to start downward, but it is the opinion of the midicu s » 
who telccted these as test cases that diathermy helped in their 
IVhen we have had many more casts to report on, we hope to be ab e 
make a more definite statement, but this much wo do know, that, wi 
eiery rtngJe case and m almost tiert/ single treatment tin. 
effect upon the patients was remarkable Cvanosis disippcand 
expiratorv grunt, when present, was markedly lessoned nr stopped eutirt ^ 
respirations were less labored and the pitient received from two 
hours of verv marked relief, in mauv cases obtaining, sound sleep 
diathermy has been ordered as «!non as the diagnosis is made m everv 
of pneumonia at the Marine Hospital ” 

In the future, treatment of these cases mav be administered at 
bedside m the hospital or in the patients homo bv the in tillat'O" 
portable apparatus wherever the electric current is found 

Numerous manufacturers are making pnrtiblc high fre(pic“<^t 
paratus which can be brought to the bedside when if the 
administered bj competent phvslcians who understand the technic, 
cm be no question as to the expediencj of treating ca os of pncimi'’^’'^ 
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hospitals with diathcrmj, as maj also bedoxie with cases of pleurisy and 
bronchitis 

Cholecystitis — In catarilnl choleevstitis the administration of di 
atherinv through the jjall bladder affords prompt relief from pain and 
tcndeme s oaer the rejon, and in acute cases promptly restores the nor 
mal circulation with relief of tlie process In chronic cases relief will 
he rclatno to conditions In eholci-astitis as in all conditions of in 
fcction, the presence of pus contra indicates the use of diathermv 

Catarrhal Appendicitis — Tlit same may be said of the treatment of 
the tirlv stage of appendicitis before the development of pus It is pos 
sihlo in these cases properh to dissipate the locil infLction relieving 
the pain and muscular tension by either diathermy or radiant light and 
heat deferring rctuirse to surgerv 

Dietitians are contending that all of those pending cases may be sived 
from operation by the institution of a properly constituted diet — one 
free from ewss of animal proUm and consisting largelv of vrbole-gram 
cereals, vvholewlieat bread green vegetables, and fruit 

The joint emplovment thcreioix of the measures referred to will ar 
rest the process in the earlv stages and if used conjointly with the estab 
hshment of a correct dictarv ma\ restore the normal condition 

Conditions due to the consumption of xartoxis shmuhnis and narcoiios 
as alcohol and opium which impair the secretions and irritate the eondi 
tions of Taruius OTj^ans particularlv of the stomach liTer, and cardia 
variously disturb metabolism reijuinng special consideration 

The Liver — In ciaes if acute hepatitis when the leukoevte count 
Will detennine that an ahaceas is not complicating the trouble diathermv 
passing the current through the liver with one electrode placed well over 
that organ and the other oliliquelv on the opposite side of the trunh will 
arrest an acute condition here as elsewhere In lieu of diathermv long 
applications of radiant Iiglit and heat for periods of two or more hours 
as m cliolccv titis will often afford relief, though not so marked or 
Inncficial as bv dntherrav 

In the a(rop/iic starje of cirrhosis of the liier so called nutmeg liver ’ 
with ascites nr in the later stages with general anasarca diathermv «ome 
times accomplishes good results 

The follow mg case report will pvea clearer understanding of the bene- 
fits to be derived from di itliermy m this condition 

Dr S who had been suffi ring for several months with general 
anasam v\ith marked aacitc* cime under the writer s observation in this 
condition He was able to get around and to comt and go from the 
offite hut had given up his active work with the Board of Health and 
other activities m which he was engaged Diathermy was administered 
dailv for one hour with one large electrode plactd over the liver and the 
other, of cfiml size, obliqueJv on the opposite side of the bodv After two 
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involved portion of the lung, tlio condition ini) he promptly ihortd, as 
occurs in all cases of plcuni^ that ire treated at the onset Ihc iiimitd 
influx of arterial blood to the lungs carnes along a multitude of plia'^ 
cjrtes, which mnv prove tipahlc of ckining out the bacteria frmn t!if 
l^mph spaces, is th< v do in bronchitis «o aborting the process at tin’ 
outset Cases of seven pleimsv xro promptly arrested and v\e beliuc 
tliat pneumonia mav he in the first stages 

It is only fair to presume that this would oc» iir after the results oh 
tamed in the treitmcnt of ndvanccel cases ^ine eases wire reputed 
b\ Dr llarr\ Laton Stewart of New Haven, Connecticut viliieli were 
treated at the Marine Hospital on Staten Island under Ins direetiun In 
cverj instance Ivsia was mstitnteil at the first administration of diathcrmT, 
the current being eniplovcd for not longir tlian oiio-lnlf hour and re 
coven was complete in everj one of tlit cises so treated, except one, a 
tenth case, in wlucli there were complicating conditions In (his ca« 
tlio findings at autopsy were “liobir piicumoma on llie tight, central 
pneumonia on the loft, pJuirisj with ofTiisions on the lift, pcptianiia ir 
tlio pleurd ewitv and an exudate alioiit onc-eightli inch thick, vihich 
covered tho pleura ” 

The following arc Dr Stewart’s conclusions 

The results in these eases arc suggestive tliat diathermy will bare 
a marked influence in hastening recovery in pnoumonia Jho evidence 
IB not at al! conchisivi In s«\<ral of (ht t i«e3 the diathcrmv 
instituted until the tune vvlxn m favorable eases tlic temperature might 
bo expected to stirt downwnial, hut it is the opinion of tho mcdicil 
who selected tliesc as test eases (hit diatlicnn_> liclpcd in their recover' 
^Vhen vve have had maii^ more eases to report on, wo hope to be able 
make a more defiiiito staliimnt, but tins mueb wo do know, that, ml 
eienj ^inqle catp and in o/wost tier// mir/le treatm'pnl tlic tomponn 
effect upon the patients was rinnrkabk Cjanosis disappeircd 
cxpiratorj grunt when present wjsniarkcdlj lessened or stopped entire ' 
respirations were? less laborcel and the pitient received from two to o" 
hours of verv nixrked relief iii muiv cises eibtiimiig oiiiid sleep ■» 
diathermy has been ordered as soon as flic diagnosis is made in every ca 
of pneumonia at the Marino Hospital ” 

In the future treatment of these rases miv be administered at die 
bedside in tho hospital or m the patients hemie hv the instiflition e 
portable apparatus wlierevcr the electric current is found 

Numerous maniifactimrs ire makiti^ portable lii,,b frequency 1^ 
paratus which can be brought to tlit Ixelside, when, if the curren ■ 
administered by competent pliysxenns who understand the technic, 
can be no question as to the expediency of treating cases of pneurnnnia i 
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(Figs 8 and 9) mnch relief cm be obtained The static wave current 
would accomplish more in these cases but it the present tune it is im 
possible to employ it at the bedside In the future, however, hospitals 
will have these necessary facilities for adniinistenug all ph\ sical modalities 
with men trained in thi ir emploiment 

Body Oven — The bodi ovni inluiis three important effects all in 
dicated m kidnev lesioua (1) elimination by perspiration ( 2) drawing 
the blood into the shin at the suTtace thus relieving local congestions and 
(3) stimulating the cardioiascnlai centers from the periphery and thus 
increasing the cardiac force Bodv heat administrations, therefore will 
accomplish much for the relief of the kidney eon»c8tiDn. 

Uremic Conditions — When possible to administer the bodvhotair 
treatment employing the method outlined under drjhotair technic it 
13 remarkably effective Often when a patient is in the state of uremic 
coma, relief may follow and the patient emerge from the coma, and a re- 
establishing of the kidnev function mav result 

Peliic Conditions — Pelvic conditions, affecting either the male or the 
female arise from a disturb nice of circulation due to infection or other 
causes In these conditions conversivc heat plus an important role as 
also does convective heat applied with douches for local applications of 
heat These latter have long held a valuable place in the therapeutics of 
pelvic disturbances 

In infectious conditions of the pelvic organs the use of diathermy 
applied according to the pirts affccu<l using judgment in the placing of 
the electrodes, promises relief The other methods of lieit application 
are not so effective, because the heat cannot bo applied with sufficient 
enorgv and direction to destrov tli* gonococci which will rarely stand a 
tempcratnic above 104 P 

There have been published cases in which a course of fever lasting for 
two or three dav s with a temperature of 104 F has been followed by the 
disappearance of an acute gonorrheal infection 

The instituttd use of diathermy and radiant incandescent tavs has led 
to an understanding of the prognosis for the use of heat therapy as stated 
n the pagns on technic. It is possible to administer in the interior cav 
ities, temperatures as high as IIS'* F without danger to the tissues as 
elsewhere stated bv making tlie area of the interior electrode one-third the 
size of the electrodes applied to the surface With electrodes having these 
proportions the operator is able to use a temperature of 11 i F in the 
cavities of the bodv 

Specific Vesiculitis — In the treatment of specific vesiculitis bv em 
ploying electrodes placed against the vesidos and prostate it is possible to 
convey the heat through the parts with a temperature theoretically ade- 
quate to destrov the bacteria The applications should he made daily for 
one hour followed by the static wave enrtent to force out the contents 
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ueeks’ administration the impro\cmcnt was marked and the a'Citcs 
much dimmi«lnd, and Tvithm three weeks his circumference was reduced 
from a highlj* distended ab<{omen to normal and his general health mas 
so improved that after four weeks he was able to resume his usual routine 
duties This was the third cise of ntrophic liver, associated with cir 
rhosis, treated with dnthennj with correction of ascites to he recorded, 
the first two having hoon reported in a paper read before the Greater hew 
Tork Societj bv Dr J H Brmth of Now Tork 

It is evident that tho bvptrcmia induced hv dinthermv relieves the 
ascites This method is associated with absoliitelv no danger to the patient, 
and should he given a routine trial for though the number of ca es reported 
as treated m this manner are few, the result has been a cessation of the 
ascites m each case 

Stomach and Duodenum — In fl/onn* conditions of the stomach and 
duodenum diathormv will play a most important role m increasing the 
circulation and restoring the normal secretion Hjpochlorhvdm is usually 
associated with a lowered condition of the general system with cither 
anemia or impairment of the conditions and functions of the splanclimc 
area The indications for diathermy or reflected incandescent light are 
twofold (1) to improve the circulation in pirts showing impairment of 
function, and (2) to improve the general condition of the blood and *0 
improve the functions If a venous stasis is present in the splanchnic arcs 
or in cases in which there is ulceration, in the stomach or duodenum 
diathermv ts contra indicitcd m the first condition until the disparity is 
corrected and on account of tho danger of hemorrhage that might be so 
caused when ulcers arc present The ultraviolet rav s and the X rays offer 


much for the relief of ulcerated conditions of these parts 

Nephritis — In nephritis, the indications depend upon the tvpe ot 
conditions In chrome nephritis with the presence of alhuniin and hvaline 
and granular casts in the urine, as associated with hvpertension m progrea 
sive arteriosclerosis, diathermy offers much for the improvement of tbe 
cireulatorv condition The electrodes should l)o approxiimtelv six bv 
eight inches m dimension and one should lie placed over tlie kidnevs an 
the other opposite m front The current should be administered from 
one-half to three fourths of an hour daily at first, and los often as condi 
tions improve This method will ..ccomphsh much toward improving 


the conditions of the kidnev 

In acute parenchymatous nephritis it may often be a question as to 
whether diathermy will he adequate m overcoming tlie extreme conges 
tion which may be engorging the kidnev If a marked degree of stasis 
is present, it will not be relieved bv heat, which increases, without toJ' 
in" to decrease the engorgement Upon administrations in the body oven 
of dry hot air, alternating with prolonged applications at the bedside o 
reflected incandescent liglit radiations applied with the canopv lamp* 
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(Figs 8 and 9), much relief can be obtained The static wave current 
Tvould accomplish more in the«e cases but at the present time it is im 
possible to employ it at the bedside In the future howe-ver, hospital 
will have these neccssan facilities for ndministcring all physical mod ilitiea 
with men trained in their employment 

Body Oven — The bod\ oxen induces three important effects all in 
dicated in hidnej lesions (1) elimination by perspiration (2) drawing 
the blood into tbc skin at the surf ice, thus relieving local congestions and 
(u) stimulating the cardiovascular centers from the periphery and thus 
increasing the cardiac force Body heat administrations, therefore, will 
accomplish much for the relief of the kidney congestion 

Uremic Condiitons — ^\^len po sible to administer the bodv hot air 
treatment, eraploving the method outlined under drx hot air technic, it 
13 remarkably effcctixe Often when a patient is in the state of uremic 
coma relief maj follow and the patient emerge fiom the coma, and a re- 
establishing of the kidney function may result 

Pehic Conditions — Pehic conditions affecting either the male or the 
female arise from a disturbance of circulation due to infection or other 
causes In these couditions, conversive heat plaxs an important rule as 
also does conyective heat applied with douches for local applications of 
heat These latter have long held ft valuable place m the thenpcutics of 
pelvic disturbances 

In infectious conditions of the pelvic organ*, the use of diatherxtiT 
applied according to the parts affeiUd using judgment m the placing of 
the electrodes promises relief The other methods of heat ypplication 
are not so effectne, because the heat cannot be applied with sufEcient 
energx and direction to destroj the gonococci which will rarelv stand a 
temperature above 104° F 

There have been published cases in which a course of fever lasting for 
two or three days with a tcmpcritiire of 104° F has been followed bj the 
disappearance of an acute gonorrheal infection. 

The instituted use of diathermy and radiant incnndescent rays has led 
to an understanding of the prognosis for the use of heat therapy as stated 
n the pages on technic It is po sible to administer in the interior cav 
ities, temperatures as high as F wnthout danger to the tissues as 
elsewhere stated, by making the area of the interior electrode one-tbird the 
size of the electrodes apph^ to the surfa«5 "W ith electrodes having these 
proportions, the operytor la able to use a temperature of 11»> F m the 
cavities of the body 

Specific Vesiculitis — ^In the treatment of specific vcsiculitH by em 
ploying electrodes placed against the vesicles and prostate it is possible to 
convey the heat through the parts with a temperature theoreticallv ade- 
quate to destroy the bacteria The applications should be made daily for 
one hour followed by the static w^vo current, to force out the contents 
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of the vesicles The conjoint tise of the X raj in these cases is undnubtediv 
an added means of getting rid of the hictcna, '\\hich lutli a thorough 
technic will effect a fa\orablc resnit 

Gonorrhea] Arthritis— It hi-s Ixwi tlciHonstritcd for a long time 
that gonorrheal irthritis will aield to the comhmed methods of 'fafic 
and diathcrm\ The high frcquencj current maj be administered either 
with the vacuum or non vacniim electrodes or inctnl electrodes against the 
prostate and \c91cle3 If the infection is supcrticnl, the hig,li frequency 
current administered through glass electrodes is effective in the pcinc 
cavitie«, and this maj bo *ipplicd with the same gcnenl rule ns to in 
tensitv with the metal electrodes Wien the infection is relieved, the 
arthritis will respond to the usual arthritic treatment 

The application of heated metals or trrtgalton^ which his been van 
ouslj rtcommeiuled for administration to the prostate gland for treatment 
of prostititis, poesesscs verj little roJatne value, owing to the fdct thst 
convective heat is not effertivc in influencing conditions eveept super 
ficially The hot water injections arc being administered hr pbvucians 
who are not familiar with the use of electricity, or the effects of beat 
varioush ipphed, and so do not understand how superficial, and of bow 
little avail, hot water irrigations are, wliercaa, diatbermj heat may be 
applied at temperatures that will bo more effective, because the heat is 
product'll in the affected part, not around it Wicn stisis is established lu 
a part, however, diathermy la not so effective 111 reducing the inflammatiou 
as the static wave current winch does effect the removal of the infiltnfioii 
and csudation 

Dysmenorrhea — The application of diathorinj has boon rcportftl bj" 
Dr lurrell to possess merit in these cases bj passing the current with 
one electrode phcod over the sacrum and the other above the pubi« 
If diatbermj is used, a better method 13 to place one electrode m the 
rectum and the other over the pubis This method is not *0 effective 
19 that with the static wave nment with metil eketrodes placed m 
the rectum as described under the treatment of prostatitis H'” 'bis 
method the infiltration and eviidation is removed and the cervical spisiu 
reliov ed 

Subinvolution — In subinvolution the same is true ns in the trea 
ment of djsmenorrhea Heat miv accomplish some relief, but cot near/ 
so much as the static current applied as stated 

Amenorrhea — There is no question as to the mdicition for aiathermj 
in amenorrhea, passing tho current through the pelvis with one ekvtro c 
over the saorum and the other over the ihae regions In lieu of djatlu,rm', 
radiant light and heat may be of great value m the e cases 

Uterine Hemorrhage — In eves of utenne hemorrhage, there wi 
he nothing accomplished with the thermic methods, hut here the i.rai’ 
and static wave current will meet the indicitions 
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Salpingitis — Treatment shmild be given usin^, tbe vacuum or non 
vacuum vaginal electrode in the vagina with the other electrode placed 
above the pubis, using diathermy as outlined m the treatment of vesicu 
litis The same method can he cmplojed in treating earlj cases of 
pvo alpinx 

Ovaritis — This is usuallv as oented with some conditions affecting 
the uterus, and local applications of comtrsive-heat maj give great tem 
pirarv relief from pam, but lasting relief should come from the cure 
of the uterine condition The u&e of diathermy will do much toward 
relieving, this painful affection but the static wave current is the method 
of choice applied with the electrode placed agiinst the uterus at the rectal 
site vvhicli will relieve the venous stasis or congestion and give prompt 
and complete relief in most t iscs 

Hoi lagmal douches which have occupied a recognized place for manv 
vears, as introduced bv Hr Robert Emmett ire of undoubted value in 
mild pelvic conditions however with coiivective-hcat effect onlj Hniches 
when erophved should be given with the patient upon the bsck with i 
proper douche pan and the hips elevated It should be administered with 
a temperature of 108® F to 110® F and for at least one half hour — m 
order to relieve local congestion Hot douches do not produce so marked 
an effect as is obtained convcrsivc heat with diatbenn^ 

Non infective Local Conditions — In tlie tn. ument of local conditions 
of non mfectiTo origin diathermy plavs au important part if applied in 
the earlj stages 

Aeuntis — This maj be relieved within tbe first twenty four hours and 
sometimes later bv the application of diathermj and radiant light and 
heat 

iSprams — In the vtrj carlv treitment of sprains diathermv and radi 
ant incandescent li„ht mav be effective m relieving the local condition, but 
not as a rule Here the sf ific current aluiie is the indicated method 

Contusions or Bruises — The same measure as described above wall be 
found to be (ffcctivc in relieving these conditions 

Fraclures — In the trcitiniiit of frictuits the use of radiant light 
appheitioiig made dailj with one of the splints removed so that the light 
can affect the part will gnatl> relieve the pain and hasten repair The 
open treatment and application^ of he,ht with tytension plav an impor 
taut role in the tnatment of Oolles fracture The period of repair mav 
be «o shcrtfiiid that ennv iJtiCPJipe often occurs in lo s than four vveeJss 

1 xteimic hums — Burns upon the hodv are verv much benefited bv 
till, use of rcflwtcd 1 idiaiit lif.lit aiid heat The treatment for the first 
half hour is \erv painful and tlic patient will recoil from it and sn 
tint It IS making him worst but if persistcil m he will later make no 
further protests This has been demonstrited in the treatment of clnl 
drill m Ptllevuc Hospital Ihere was at first some controversy between 
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the stair and aides coHccrnini' the use of ndiant enerjrv, but it Ins finally 
been established as a routine method and man} lues ln\c been saicd and 
sufferers made more canifortible bj the csfablnlied application of rcflecfod 
light followed b\ soft dressings to protect the parts The light should k 
guen with prolonged applications twice daily for at Icist ono hour Re- 
pair IS prompt, as the increased circulation in the true shm brings about 
a yer} actuo iiuproicment, hcnliiij, as a rule without scarring 

Oangrene — In soiiilt gangrene affecting the extremities, it is remark 
able what rilicf can be allordeil in niniu cases b> long applications of re- 
ticctcd iiicaiuli scent Iiglit, persisted m until the parts often Iicil o\ir 
Endarleritis Obliterans — Iho pltllolog^ of this condition is obscure, 
hut tlie results from the cmpIoMiicnt of diathcrnu and ridiant light and 
luat haae been Mr\ fliicccssful The ndmunstratious of rcflectid hglit 
should he guen with long tx]>oaures with the npplicitions nudo oicr bitb 
extremities, imludmg the parts aboac the knees When dntherm} is cm 
ploaod, the liotter wax i<? bj the method described m the section ou 
Icclinic, immersing the feet m water, resting nixm an cloctrodo lu ouc* 
li ilf inch depth of a salt solution and the other electrode o\cr tlio sieruni 
In this wa\ it is po'Sihlo to paos the current upward tliroiipli the hmb 
and all of the structures in the path of the current I ithor this inctbcd 
miu bo employed or tho cuff method by placing electrodes around tlio 
ankles and tlic otlicr o\er the sacrum, using a bifurcitinl cord attached 
from ono aide of tho d Aroonval to the two ankle electrodes This mctlmd 
IB contri indicated if the ofFcct is to be general 

rrythroiiielalgia — borne temporary rilief can l>c domed from the 
application of licit and diathermy iii these distressing cases, but m th® 
yvnter’s experience it is imiiONSikIc to guc histiiin or pemnnent rehif to 
those unfortunate sufferers 

Myocarditis — llic employment of diathermy through the heart for 
myocarditis has <>liown rcniarl nblo results ns yenfied by electrocardio- 
grams The current is applied with one clcoitrodc placed oicr the sc.ipii‘*> 
posteriorly, and tho otlicr electrode oeer the cardia in front. The eoo 
trodcs should be about six inches square, and the current used yyith a mo 
crate degree of heat, not as great ns in tlic treatment of other thoracic con 
ditions Tho treatments should bo given daily at first for one-half hot'h 
and then on alternate days , 

Desiccation or Endothermy — This method for the treatment of lo^ > 
malignant, anil other conditions, as introduced and deyeloped br ^ 
William L Clark of riiilndelphia and later hy Dr AVvetli of New > 
IS of unusual y aliie for tin treatment of loc il nffcxitions of the skin, inucoi's 
cayitics, tonsils and hcinorrhoids 

Appiratiis, as described tloeyvlien, must deliver from tlie oih 
Oudin tcnninal, under perfect control wlint has been described ns a r<’ ‘ 
ijwrk in other words, a fine spark of such quality that when applied o 
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paper it will perforate the paper without giving anj evidence of burning 
or charring it In other words it will not ignite bum, or char but 
perforate the paper This quality of spark n. of small amperage and pro 
duces a distinct desiccation or drying removing fluids from the «kin, and 
was so termed by Dr Clark for that reason 

The tissues treated bv tins method if applied to the extent of produc 
mg complete removal of all fluids are practically killed 

When this quality of spark is applied over a small keratosis of the 
skin, the dried tissue mav he removed bv the curet, leaving a smooth under 
lying skin 

It 13 emploved with a verv short spirk to remove keratoses, warts 
and mole'’ The application mav not affect the cutis vera unless so de- 
sired except m its outer laver and from the nature of the effect cau es 
drving without bleeding When however it is desired to dcstroj malig 
nant growth of varvmg thickness or depth, such as epitheliomas the 
current must he applied with sufBcicnt eiiergj to destroy the growth bevond 
the diseased tissues otherwise there will bo a prompt rtcurrenet and a 
more rapid growth than before 

In treating «uch a condition it is eiiatomarv to g> well around the out 
side of the malignant tissues U the outset After destroying n circle bo 
Tond tho growth including the deeper laver of the skin, the growth is 
then attacked directlj The operation, except in extensive growths, may 
be done under local aneslhe la In small superficial areas there is usuallv 
BO little pain or discomfort that an anesthetic is not necessary 

The question alwavs arises as to what method to employ in the treat 
ment of an epithelioma on the surf ice With the X ray or radium prop- 
erly emploved it is possible to remove epitheliomas and rodent ulcers with 
out producing anj scarring or evidence of the former presence of the 
growth When removed bv the desiccation method there may be a slight 
scarnug following the retoverv 

Wlien an epithelioma is situated where some important structure such 
as the tear-duct, would K destroved by the desiccation method, the X ray 
IS the method of choice for as has been shown, epitheliomas have been 
cured by the application of the X ray in the inner canthus of the eye 
involving a tear duct which has been obstructed and was restored after 
the X rav had cured the growth showing the remarkable selection of 
diseased tissues leaving the normal tissues intact If dtsiccation had been 
emploved under thcae conditions the canal would have boon destroved 
The applicalioni with endolhormy should be made deep enough to get 
to the bottom of the involvement It is customary to put the needle carry 
mg the current m and out of the mass moving it about until the dis- 
eased tissues arc entirely destroved If extensive and deep cut away 
the doieeated tissues with curved sci aor« and then applv the current 
to the deeper structures, insuring the removal of all of the diseased cells 
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It IS possible bv this tboroiii^ method to destroy all of the malignant ti*- 
sucs to considerable depth®, as has been shown b\ Dr ChrL Thns not 
onlr are the ®oft structures destroNcd, but di ea ed hone as well. In 
the ca-^ of bone, hoiveatr, the area tnitcd will later sep irate as a se- 
questrum or Ina^ be curetted or chi cled awai at the time of operation. 

This method of treating maliguaut growths is particularly applicable 
to the tongue, lip-', and fauces, as well as to the Ian ns. In the latter 
erent it is necc-vsan to perform i tracheotoinj and clo®c the larms 'O 
that there can !« no escape of ti ue to tlie lungs It is remarkable boa- 
few cases of cpitbeliomi of the lip or tongue are followed hi recurrence 
If treated earlv, when the growth imohes a sinill area, and even where 
considerable tissues have been involved the prognosis is good if proptrlv 
done There have been numerous Miccesscs m the treatment of mahimant 
conditions of the tongue and fauces, and unifomilv of the lip® bv tbia 
method It is the method of choice in all conditions mrolviiig the mouth 
and fauces and now a greater pcrcciifagc remain cured bv this method 
than hv the knife, radium or X ray 

Tonsils — The treatment of tonsils br desiccation includes local treat 
ment, botli for the purpo c of closing the cr\-pts and for remonne poe 
tions of the tonsils At the pre«cut time the Xraa treatment «eema to 
have supplanted the desiccation method of treating tonsil , thouffh the 
latter is still largelv emploa ed ba operators who have acquired a bllfoil 
technic together with tho X ri\ 

Hetncrrhot<iti — For the treatment of bemorrboid , the desiccation proe" 
ess is particularh ad\ i«ed Wlicn operation® have been done bv the cH®p 
and cautera method there have often been marked strictures in the rcctuw 
following the operation When the de location method is emploved, there 
is no stricture 

The de-iccation operation con®i®t® of applnng a clamp to the hem^^r 
rhoid and then de®iccating the pile ami ®hcanng off with the «ci or? t c 
part above the clamp after which the desiccation spark is applied I'ack an 
forth between the jaws of the clamp and the clamp removed 

Bv tho desiccation method the mucous membrane is «eilcd off, o 
feeting it as to leave no <fnicture& or danger of ®econd iry liemorrhage 
PAZcbiti® — There are few conditions that give grtater evidence 
the failure of wet dres«iugs and other local applications of heat, 3^ 
phlehiti® ilany ca«ea of vanco®e aeiu® come under ob-ervafion that mu 
have been relieved m the ncute inflmimitorv stage During pa®t vea^ 
many of the e ca«es haie come iindor the wnter s ol>ervation in the aeoi 
«tage that have been promptlv relieved , . 

When «een during the acute stagL, the prolonged application of ra isn 
light and heat followed adequate admiui®trations of the «tatic bni» 
charge will remove the infiltration from the inflamed vein and ®iifficien 
increase the lumen to permit the blood to pas®. The application of ra 
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light and heat relieves the tension and the static brush discharge applied 
over the inflamed vein removes the infiltration thus an acute phlebitis is 
promptly cured in all cases in which the walls have not become adherent 
The writer and his associate have accomplished this m all earlj cases 
twice in cases involving the great saphenous vein 

T’ancosc Ulcers — Thei>e nletrs arising, as thev do, from oh truetion 
m the circulation in parts remote from the obstructed vein cause the 
tissues to be starved or irapoverishid from lack of blood To heal the ulcer 
a return of the circulation is required This may often he atcomph«hed 
by long and frequent exposures to reflected incandescent rav s but in much 
less time and with greater certaintv bv the added use of tlie static bru h 
discharge, which, if thoroughlv applied will not only remove the thick 
ened inaigin of the ulcer hut also the edema from the swollen limb, thus 
causing the blood to flow back to the rc^^ion of the ulcer The ulcer should 
be kept well bandaged during the course of the treatment To prevent 
recfurrence the limb must he supported by proper stockings or bandages 


IMPAIRED METABOLISM 

In conditions of impaired metabolism when tbe functions o£ the 
organism are for any reason inactnc or relatively so the ednsinistr&tioQ 
of conversive heat either by the use of radiant light and heat or diathermy 
18 indicated We often find this condition m patients who ate victims 
of constipation, who are tovic following severe illness or who are in feeble 
health from various cvuscs 

In thes .0 conditions the benefits derived from accelerating the gen 
eral circulation and that of impaired organs and stimulating the deep 
cardiac and other v itnl centers are due to stimulation of metabolism Such 
applications should he given short of producing fatigue and with an in 
tensity not sufScient to cmsc the patient anv sense of depression 

In patients who arc anemic cither from hemorrhage or some other 
form of sccondaTv anemia, first apply radiant light and heat to the ex 
tent of inducing an active hyperemia of the skin, and then follow im 
mediatelv while the blood is activclv circulating at the periphery, by ex 
posurcs to the ultraviolet rays The ultraviolet exposures should alwavs 
be made short of blietenng but svifiicient to produce an active hvpctemva 
of the skin These applications arc os a rule given on alternate davs 
and the length of exposure to the ultraviolet rays mav in most cases be 
doubled at each sitting without danger of causing too greit reactions 
The following case report will illustrate the success of this method, the 
patient having been given no internal medicine to increase the red cells, 
but having been treated as above described 
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Mrs V — June 28, 1922, red cells per emm, 2,240,000, irliiks 
4,800, hemoglobin, 08 per cent 

— July 6, 1922 , red cells per emm , 3,520,000, uhites, 5,000, beirn-- 
globm, 68 per cent 

— Aug 4, 1922, red cells per emm, 3,500,000, uhites, 5,600, hemo- 
globin, 70 per cent 


POSTOPERATIVE USE OP RADIANT LIGHT AND HEAT 

There is probably no indication for the use of anj measure of greater 
importance than the use of radiant light and heat after operations When 
the surgeons are brought to appreciate the lalue of tins measure in opera 
tive cases before and after operations, bearing in mind that the action of 
radiant light as practically germ destroying an character, even when de- 
TOid of tho uUrayiolet, rays, the meaywrc yrill be used following operations 
in some cases while the parts arc still uncovered Prolonged apphcaticnu 
of light oyer the surface bring an increased blood supply to the ti”iiM 
that have been shocked from trauma at the operation and so hasten the 
process of repair and relicre the patient from much of the soreness anl 
suffering immediately following opcntion For convenience the patient 
may be remoyed to another room provided for the purpose where the diC'*' 
mgs may afterwards bo applied Comcr«ivc heat is invaluable, not wb 
as a means of hastening repair, but tor the comfort of the patient T ^ 
only contra indication is the possibility of inducing hcmorrhij,® 
sues not properly sealed off 

Following such an application the patient will lap^e into a quiet sfae 
with prompt relief from much of the pain and tenderness duo to operation. 
Providing the light is not applied directly over the tissues, but over a 
thin dressing permitting a dcgric of light and infra red ravs to penetrafi 
a great deal of relief can so be afforded the patient Onl\ 
have been subjected to painful conditions following an operation and “ 
thus indulged can appreciate the relief experienced 

THE OPPOSITE EFFECTS OF THE X RAY AND RADIANT LIGHT 

The distinctly opposing effects of the X rvy and radiant light 
be too often stressed, particularly so non that there are so many new ni 
in tbo X ray field employing the X ray in thenpeutics 

The writer discovered, more than sixteen years ago, that it waj n 
expedient to employ the li^t and the X ray with the object o 
team work, when he found, after the use for one month of the com 
method, that cases under treatment were making no progress as they p 
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Mously had under X ray treatment The reflected light had been com 
bating the etTect of the X raj to a degree that nullified its action upon 
the diseased tissues Further experience has confirmed this discoverv 
and demonstrateil that distmcth opposite effects are produced bv the two 
modalities — in inhilutorj effect b> the \riy and a stimulating effect 
hi radiant light and heat This has Litn further confirmed in the man 
agement of X rij dermatitis for there is no measure so effective in pre- 
\onting or relieving this condition as reflected light and heat It is ver\ 
effective both in promptli restoring and in anticipating an X ra\ der 
matitis in tissues overexposed This is one of the important uses of 
radiant enerirv and ont, nhich is the least appreciated hv the radioIogi«ts 
uho ncplect the other rational m< thods 

The ultraviolet ravs have been demonstrated to be of great value as a 
prophvlactic to Xnv dermatitis betiu e thev do not penetrate the skin 
They mav also bo emplovcd to protect tlie skin during courses of X ra> 
treatment The ultraviolet ravs mav also lie u-*ed in cases of X rav der 
matitis before or following the reflected incandescent radiations and as 
a prophvlactic before X rav exposures 

Chrome X ray Dermatitis — In c a is of this character occurring on 
plijsicians and radiographers hands there is nothing that will give greater 
relief than the judicious use of the ultraviolet rajs This is a verj im 
portant observation, and one that should be known because of the benefits 
to he derived 

Osteomyelitis — During the treatment of postwar cases the u«e of 
the ultraviolet rav and diathermy have been recognized to be of great 
value m the treatmert of ostcomvelilis There aro numerous eases re- 
ported that have received onlv tho ultraviolet treatment, and that have 
shown progress for obvious reasons As the o rava do not penetrate to 
the deeper tissues the use with diathcrmv la essential The exposures to 
the ultraviolet ravs in the treatment of these conditions should he made 
on alternate davs and the application of the ultraviolet rajs should then 
precede the application of diathcrmv because the more anemic the tissues 
arc, the deeper Iho rajs will penetrate 

In this chapter the writer has endeavored to establish the pnncxples 
of action of tho phjsieal measures emplojed, as to their physiologic il 
effects upon the living tissues the practical Uckme of administenn;; the 
iliffirent methods for producing thermic effects upon the tissues, and finally 
their application to therapeutics 
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HTDROTHERAPY A^D B\L\EOLOGT 
William J M A Maloxey 
HYDROTHERAPY 

History — Mail from his advent has daih ^YperieneeJ the beneficent 
action of water Inatinctivelv he dranl when thirstv, washed when \in 
clean, and bathed when tirtd and heated The knowledge tliat water is 
essential to the maintenance of life was among the first of all human 
acquirements The relation of vegetation to witer and the cleansing 
action of the rain streams, and seas must hav© been recognized even bj 
the earliest forms of human intelligence Primitive man felt the need 
of water saw its wide dominion m the worid wondered perhaps at the 
tnjstenoiis forces which dictate its form and motion, and in his dawning 
imagination endowed it with preternatural powers 

Symbolism chai&ctcnies all primitive mental eYptession It was 
therefore natural that man should use water not merely when mmistenn,,, 
to his bodily cleanliness but also when striving to convey ideas of moral 
purification As late as the beginning of the Christian era we find this 
application of water eien among the cultured Romans Pontius Pilate 
"hen ho wished to disclaim guilt and responsibility for the Crucifixion, 
called for water and washed his hands before the comprehending eves of 
the clamonne, mob 

Vnilogous use of water entered into spiritual matters To-day Hin 
diis still seek grace b\ bathing in their sacred strums Hobammedans 
p<rform extonsno ablutions as an essential prcluninary to pra\er Tews 
Wash m prescribed fashion nt fixed periods m order to emfomi to the 
I'lw and Christians are sprinkled with, or immersed in water to wash 
thim from the stain of origin'll sin in the sacrament of baptism 

This ^^mbollc use natnrallv led to the melusion among religious prac- 
tices of the application of water in the treatment of mere bodilv ailments 
So hydrotheripv deailoped under «iercd auspices and the use of water as 
a healing agent acquired the dignity of a religions cercmonv Waters 
from sourtes distributed oier the greater part of the Old \\orld gamed 
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more or less local reputations for spcci&l efficac\ Sometimes a natural 
pecuharitj lout aaie to these waters and scTvtil to strengthen futh in their 
remedial powers The periodic filliiip of the well of Bethe'^da in Teni 
stlcin and the animal rise of the leilc are tepical examples of sticli pecuh 
antics The moment of the appcirinec of tlicsc unique phcnomcin sig- 
nified to jhe faithful that the endowed waters h id tlicii attained the clirai't 
of their ciiratne powers 

In some instances the special attributes of the waters were disclosed 
bj re\olation or b\ happj experience to the pious To some sources iras 
gucu a specific virtue, t!ms, the famous well of St rriduaiu and the 
waters of biloam were efficacious m e>o diseases, Itpcrs were made cliea 
m the Jordan abdoinmil diseases were healed at the well of St Om 
golph, and madness, stenhtj, and most other afflictions were cured hy 
waters from appropriate sources The Jordin, the Nile, the Ganges, the 
well at Lmniaus, and a f«.w other hol\ wafers posses'cd such wondroiu 
powers that they acted practically ns puuccis 

The waters of Bcthosdn now rise almost unheeded , the pious blind no 
longer seek the once all powerful well of St IrulnaiJa, ami, except aroone 
the adherents of the Greek Church, faith in the pnipcrtics of the ajctcd 
waters of the Jordan is almost deui As the popularity of one sount 
ebbed that of another rose In our own times to tho well at tlio Grotto of 
Lourdes, near the Pvrcnces, and that of St Wimfrctl at irolyuell, m 
Wales, seem to have been transferred many of tho marvelous properties 
which centuries ago were vested in the holy phccs of the Ori(.nt From 
these wells vyoiidcrful cures aro daily reported b\ eminent ph^sicuo^ 
whoso belief m tho verity of the phcnomoiia thev record is above suspicion 
and beyond question ^ 

Although substances of grcvtir potency, but of less traditional an 
spiritual force, have had their day and now arc irretncv ibly forgotteoi 
water has preserved throughout the ages its reputation ns a remould 
agent, owing largely to this fostering by religious bodies of fj'th 
hydrotherapy . 

Tho rudely material benefits of bathing were carlv appreentea 
widespread in ancient times was tho custom of bathing tliat the Orce 
and Laccdminonians had not only private but public baths Alexau ‘ 
tho Great is recorded to have marveled at the magnificence of tiie ba 
of the conquered Darius But iAe apostles of bathing were tlie Bomaii^ 
The Homans elevated bathing to a cult Tho splendor of their biths is * 
salient feature of their civilization In the Bomau conquests a bath 
built as «oon as tho barbarians gave tho invaders a moment’s leisure 
more settled the new colony tho more ornate vyas the bath Flaboratc 
seriptions of those earlv baths and interminable dissertati ons upon ba 

The mo<^us opcranJi ot these cures may le just as satisfactonly 
other ways and moreover (he cures can be performed jn many other wayi—K® 
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mg; siinive m the untings of many of the ancient authors, particularly 
Pliny, Seneca, and Jineml The use ot water alone was not fashionable 
even in the luimblest baths Oils perfumes, spices, and other adjuvants 
eiili meed tho icsthetic pleasures of the t institations Together with bath 
in^ the Komans associated massage and physical exercises Tho untram 
meled license which characterized mam nt the public batbs of the Romans 
brought bntbing under the ban of the reforming zeal of the early Christian 
Fathers and perhaps conduitd to the not overscnipulous cleanliness which 
sometimes served to ehc out the penance of the pious anchorites who re 
tired into desert places, and to tlie strikingly insignihcint mle which water 
plavs in the ritualistic practices of the Christian church 

The Roman influence upon bathing is iccciituatcd in our period partlj 
because the Romans w ere so prodigal m their bathing resources but msinlv 
betause our civilization is in direct succession to theirs But knowledge 
of the cardinal uses of water probahh dates from the dawn of man The 
ancient Egyptians, Piets Celts Turks ‘Nforocctns Japs Indian*, and 
ilcyicaus all used forms of vapor baths Besides baths of water — ice, 
vapor hot, cold, river spring well and sea water — other media such as 
sand mud peat, wine milk uid cvm blood were used 

Iho therapeutic use of water bv phvsicians is as old as the art of zaedi 
cine Hippocrates was hirdlv an eiithusnst for baths but he advocated 
them under certain conditions m several of Uis writings Celsns praised 
house baths but was reticent about the use of mineral waters Aretaius 
of Cippadocift Athenau* and Rufus of Jiphesus wrote at length upon the 
merits of certain thermal baths Agathinus was the apostle of cold baths 
Galen said little of baths Fallopius alluded to the diseases which maj 
bo benefited by the water at Lesbos Mitvlene and other places intjllus, 
Oribasius, iLtius, Paul of iEgina C*clius Aureliamis and countless others 
through the ages lauded the uses of rater To enumerate the phjsicians 
who have practiced water treatment would be merely to catalog the fathers 
of medicine But until tho scicntilic renaissaneo of the last centiirv the 
properties and actions of water remaiucd clouded in superstition and 
finpincism Tho pioneer work of Wintemitz Brutenbach Baruch 
Tlujer and others has now dcfimlclv established tho phvsiological prin 
cipks upon which the action of water depeud* Out of the chaos a certain 
amount of order and svstem Ins been evolved a rational basis for the 
tlicripcutic employment of water has been defined and the science of 
bvdrotborapv which deals with the action of water upon the human bodv, 
has been erected 

Here we shall confine our attention almost etelusivclv to water The 
phvsical characters of water will first be considered then the phvsiologt 
cal principles of its various actions will be di cu cd, next the wavs in 
which It nn Ik* w«ed will bo dcscnbed and finally, its application to 
disease will be dealt with 
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PropErriEs of YVatee 

A brief outline of tlie properties of water is essential to a clear llnde^ 
standing of its uses Its distribution is nniTcrsal It exists in and can 
rcadilj be transformed into solid, liquid, or gaseous form. 

Under ordmarj atmosplierio pressiine, at tJjo temperature of 0® C it 
becomes ICC, between 0^ and 100^ C it is liquid, about 100® C itexists 
as steam In changing from fluid to ice a remarkable absorption of heat 
takes place if a kilogram of water at 0“ C and a kilogram of water at 
79° C be mi'xcd the resulting mixture lias a temperature of 39 5° C , but 
if a kilogram of lee at 0° C be added to a kilogram of water at 79® C, 
the ICO di'>appears and two kilos of water with a temperature of 0® C 
remain llus licit absorption explains the great efficacy of ice baths m 
bringing about a lowering of temperatun. m cases of fever 

Similarh m passing from liquid to steam a tremendous amount of 
heat IS rendered latent, hence allowing water to evaporate from a surface 
18 one of the best means to produce cooling 

Further water has a great capacitj for absorbing heat, tliirtv-one 
times as much heat is required to rai«e ono unit of water through one 
degree of temperature as is required to raise one unit of platinum one 
degree 

Water cools rclntivelj slowly It is therefore invaluable as n medium 
for abatraetiug beat, for storing heat, and for appl^ mg heat Its utility 
as a thermal agent is further enhanced by the ease with which iti tem 
perature can be measured, regulated, and controlled As a fluid it mixes 
with solids to fonn pastes, the consistency of which can he altered at 
will, it also permeates most textures, so that its application can he re- 
stricted or adapted at will to any surface 

A\ater cm reidilv be applied with varying and regulated pre'sure 
^Vheii water holds a small amount of a salt in "oliition it is one o 
the best of the electrical conductors and can bo used to insure intima e 
contact between the body and electrodes, or a bath mav be arrange lu 
a circuit, through which faradic or gilvanic currents may be pus'f 
^Vhen currents are passed tlirongh aqueous solutions decomposition of 
electrolvsis of the solution occurs j 

Thus, the constant current decomposes water into hydrogen 
oxvgcn The elements nt the moment of liberation from their 
are said to be nascent Tlie action of tbo nascent elements produce 
such electrolysis is relatively powerful and is utilized m certain o 
of baths , , f 

Water is thus an ideal medium for the application of cold an 
electricity and pressure owing to the siinplicitv, precision, and rapi ' 
with which these physical forces can through it be controlled It® 
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m combating disease depends almost solely on its property as a medium 
Its ph>siologicil action, wben a medium is essentiallv that of the phjsieal 
force which it is conreving We shall, therefore, before proceeding to 
discuss the specific therapeutic uses of water in detail bnefij con«ider 
the various actions of heat cold, pressure and clectneitj upon the hodv 

The chief sphere of hjdnatic medication is the «kin The physiologic 
action of water upon the skm is very simple So far as hjdrotherapy is 
concerned the skm mav he regarded as a great sheet of imperfectlj shel 
tered blood vCosels and nerves The effect produced by water upon the 
skin is merelj the expression of the reaction of the blood ves els and 
nerves to the phi sical forces applied by the water Congt stion or ischemia 
of a part depends upm the state of the blond flow m the capillaries the 
capillnry sjstfm i controlled mainly b% the contractibilitj or tone of 
the arterioles, and upon the condition of the arterioles liaugs the efficiency 
of the whole circulatory meclianism 

The skin is richly supplied with nerve terminals which are elaborated 
sometimes into special sensorv end organs Just as tht network of \as 
cular capillaries opens into larger channels and thus links the pcriphtrsl 
circulation directly with the heart, so tlic terminal cutaneous ramihcations 
of the svmpithetio and «ensory nerves aiw gathered together into trunks 
and pass to the central nenous system A stimulus to the skin thus laav 
powerfully affect tho rascuhr and nervous arrangements of the whole 
body The skin is in fact an externalized regulating mechanism for the 
circulatory and nenous systems 

Some areas of the skin have certain definite nervous relations to the 
viscera 

An organ may bo rcflcxly influenced throu^b a particular area of 
skin, and affictions of organs m\y reflcTly mfliicncL special skiii areas 
Our knowledge of tlie^e areas yve owe to Head and ilackenzie and it 
enables ns so to guide and re&tnct our operations that by the simple 
bloodies? pro cdurcs of hydrotherapy we cm influencf viscera with as 
much certainty as if y\e were exposing them by a siir^jical operation 

The skin, however besides being an or^an of sensibility has also 
secretorv excretory , and heat regulating functions These are subservient 
to nervous and vascular control A stimulation of i cutaneous seerctorv 
nerve induces an increased flow of sweat and a local increase m the blond 
supply An increa«e in the blood supply usually involves an increased 
sweat secretion The heat regulation of the body is largely attained 
through the skm In overproduction of beat by exccssivi muscular action 
or in exposure to exce sive external beat the cutaneous capillaries dilate 
and sweating increases the evaporation of the sweat from the skin absorb? 
much of the sutplus heat from the bodv If exposed to cold tlie cuts 
neons vessel? contract and sweating diminishes tho body heat is thus 
conserved Urea, xantbin, and other decomposition products of protein 
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metabolism ma\ be demonstrated m the sweat, tbe sweat glands, jwstUe 
nearlj all glands, Lave a \ital selectne affinitj for certain substances 
circulating m their blood supply 

But as tbe secrctorj, heat rtgiilatmg, and excretory inechaiii«in3 are 
merely outmrd evidences of t iscujir and nervous actiMties we 'ball fir 5 
consider tbe action upon these ictivities of each of the physical forces 
utilized in hAdrothenpv 

Ph\8jcal agents such as cold act mainly by virtue of their imtant 
properties Witlnn certain limits of intensitv a stimulus to the 'hin 
produces similar effects, ■whether it be caused by chemical or phrsical 
iction Weak cutaneous imtmts narrow the artenoles and raise the 
blood pressure , tho increased peripheral resistance thus produced causes 
the heart to contrict more rapidly On the contrary, intense cutaneous 
irritants fatigue and paralyze the normally existing innervation of the 
blood \es«els aud produce a relaxation and dilatation of the peripheral 
arterioles -with diminution of pressure, at the same tune the inhihiton- 
action of the pneumogastric slows aud intensifies the cardiac contraction, 
and, ■when excessive, may produce death bv vagus tetanus 

Cold — The application of cold is perceived with varying dehcacr on 
different parts of the skin Tho local and general disturbances are de- 
pendent upon the degree and duration of the cold employ ed and the 
of the area to which it is applied, that i«, to the intensitv of the stimulus 
I ong continued application of severe cold dcletenously affects the viUiiiT 
of tho tissues to a degree dopemling upon tbe resistance of the tissue ex 
posed And when the cold is severe, besides the coldness, a pam elemeut 
13 noticeable in the sensation 

The application of sudden cold produces first n sharp inspiratiou, 
next a pau«e and then a long expiration which is followed bv frequen 
and shallow brcatfiing This reaction is tho basis of one of the be*t known 
and most efficient methods of resuscitation of the still bom , indeed, it w 
alleged to be an essential stimulus to the establishment of respiration a 
birth In brecth presentations, in which a premature onset of respiration 
might be attended bv fatvl consequences to the child, accoucheur care- 
fully swathe the extruded limbs m warm clothes The effect of cold is 
confined to the respiratory meebamsm, consciousness is stimulated y 
application, as may be seen in the awakening of tiie dormant attention c 
hv stones, and m the sobering of the drunk, bv cold affusions Cold is one 
of tbe most powerful nerve stimulants we possess , 

Owing to the stimulation ot the cutaneous nerves the volunt^ 2 D 
involuntaiy muscles arc influenced Investigations b\ means of i 
ergoerraph have proved conclusivelv that cold is able to jnerea^ 
mously the resistance of muscle to fatigne, and also to restore the 

for ■work to muscle which is already fatigued A slight incr ease m 

Rwhri? and Xaiimann quoted by Baruch 



H\DROTirEr\P\ 


411 


t'lnicity of Toluntarj muscle is produced And m involuntarv musck 
the stimulation is evident in «kiD nnd in shivenng 

Tins increase of muscle tone md of muscuhr action and the vascular 
redistribution which they cause seive to augment animal heit and parti} 
to compensate for that avhidi is being lost Perceptible cold produces, 
parti} b} direct action and pirtlv b> reflex action upon the vasomotor 
center in the floor of the fourth ventricle a local constriction of the blood 
vcsacis The blood is, m consequence diminished m the cooled part and 
a concomitant hvpercmia is prodneed in other art is 

Thv result of the contraction ot the mvolimtar} muscle fibers in the 
skin and of the sensor} stimulus given to the central nervous 8}stera is 
a sudden diminution m the calihei ot the cutmeous capillaries Tliisnar 
rowing of the arterial and venous nver bed raises the blood pressure, m 
creases the endocardial stimulation, and causes an automatic increase in 
the force and speed of the ventnenJar contractions 

The increased cardiac attion propels an augmented suppl} of blood 
through the capillaries vvhnh arc thus expanded to the fullness of their 
cipacitv The increased force of the heart is maintained for some ooii 
iiderable time 

The contraction of the cutaneous vessels diminishes the skin secretion 
increases the blood pre«surc m the ve!«>cl8 of the deeper structures, and 
stimulates their vital processed Ono well known coasequenco of this ele- 
tnted blood pre ssure is dmrcvis The increaseil blood pressure the 
inert T ed force and frequent of the hearts action and the increased 
blood supply to the kidney all tend to enhance the diuretic action of 
cold 

Jsmes Tyson mcisured the amount of urine and urea excreted dailv 
b} a patient suffering from enteric fever who was bung treated bv cooling 
(Brand) bitbs He found that the amount of urine secreted was vasth 
increased Before the Brand bathing was begun the urine, as is uMial in 
febrile conditions wvs scanty and ver> concentrated bfter the bathing 
as much as 1 080 cc of nnno was excreted duly As the toxicitv and 
the amount of contained solida wero increased not onlv was the me- 
chanical transudation of fluid through the kidnev augmented but the 
selective secrefor} properties of the nnal epithelium were enhanced al«o 
Espenmeutv have proved that in addition to these changes there are 
also remarkable alterations in the relative proportions of the corpuscular 
elements of the blood 

Ctld hatlis proilucc a leiikocvtosis which persists at leist for one and a 
half hours The increased Hood pressure in the spleen and m the hm 
phitic glands, consequent on the genoril peripheral vascular contriction 
may wash out the white cells from these vi eera into the general circulation 
The reestablishment of the nnnnal ratio among the blood-eclls m the 
course of one or two hours from the time of the cold application shows the 
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alteration m the blood to be due to transitorj changes m the circulatory 
system, jn the cai^nc tone, ^nd in the lumen of peripheral ressek 

Some ob'^ervers ha\e found in increase also of red cells 

On the other bind, brief application of cold to the general body mir 
face results in in increased viscositj of the hlood ounng to the augmenta 
tion of the cellular elements 

If the application of cold bo local, remote effects are still produicd 
These distant effects are of three classes First, owing to the constriction 
of the blood ycssols localU, tbe blood is driven into other areas Thus 
Wmtemitz demonstrated tliat a cold hip bath augmented the volume of 
the arm This mav he termed the remote general action Second, there 
IS the symmetrical or intermediate response, that which affects one of a 
pair of structures affects the other such is seen when, sav, the right hand 
IS immersed in iced water, the left hocomes hlauchtd and cold So great 
13 this action that Thomson states that a thermometer held in the left 
hand shows a fall of 2* to 5® F under such circumstances and he reiords 
a case where, during an operation upon a divided palmar arch, be pro- 
duced vascular constriction m the injured hand by immersing the sound 
band m iced water, and was thus enabled to proceed with his ligaturing 
unembarrassed bj hemorrhage Third, there anso reflev influences upon 
subjacent or remote viscera In popular medicine Ibis third category w 
well recognized Girls sometimes foolishly immerse their feet in cold 
water to arrest imminent menstrual flow on the eve of some entertain 
ment Bleeding from the nose is treated bv allowing a cold Lej to wander 
down the bvck Jloro precisely we now applv our treatment to Heads 
areas m order to insure the localization of the reflex action to tbe viscus 
which we desire to influence 

In order to obtain a cold stimulus, what degree of cold must he eiu 
ployed* The body temperature m tbe axilla is 98 4° F but the avericC 
tempenture of the whole cutaneous surface when chd with customary 
garments is probably about 92° F (Wmtemitz) Hence to induce a 
‘cold reaction temperatures sensibly lower than 92° F must be employe 

If the cold be slight, the effect does not proceed bevond the «ta^ ® 
arteriole constriction enhanced cardiic and respiratory action, an 
creased muscle tone And these consequences are in variable 
transient The vasoconstriction is followed soon by vasodilatation, " 
the beneficial effect upon the heart and the genervl musculature is 
persistent hile m the cold bath, when the cold is mild, or after 
ing if it be less mild, the cutaueons blood vessels dilate, tbe skin red eu^ 
a pleasurable sensation of warmth ensues, and a feeling of general 
being prevails Such is tbe "reaction” to the cold bath To elicit it i 
the sick great care is n-^:essary to temper the stimulus to tbe 
strength The shock produced by the cold must not be too severe 
seventv is mitigated by careful regulation of the temperature o 
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watpr, b> stiraulatiDg the shin either with the impact of monads of gas 
bubbles produced bj aerating the water or with massage, and bj shorten 
mg the duration of the bath 

Heat — As already «tated, the initial effect of all forms of physical 
stimuli IS essentially the same hence the action of heat is not directly 
inverse to that of cold All stimuli produce initially vasoconstriction 
but where is with cold this effect tends to be maintained with heat it is 
immediately superseded L\ vasodilatation which persists as long as the 
heat Owing to the vascular dilatation the skin rtddens, a sensation of 
warmth prevails, sweating increases and the deeper structures are de- 
pleted somewhat of their blood The increase of the cutaneous blood 
sheet promotes radiation the eviporation of the eveess of sweat renders 
latent a vast amount of beat, and the concomitant increased frequenev 
of respiration abstricts much heat in the larger volume of expired air 
and water vapor hence, all tlics>e factors tend to cause a fill of tempera 
ture If the whole bodv be immersed m a bath of a temperature higher 
than 08 4* F the body tempentnre mav n»e somewhat 

Tho relatively aDcmic condition induced in the vi ccra minimizes 
thtir activities and thus heat tends to act as a general sedative Also the 
direct action of heat upon the sensorv nerves is pleasurable and soothing 
The seditivo inSuencc of lieat la invaluable in aboh^bing convulsive sciz 
uros duo to tonic conditions in children The warm bath is the surest 
safest and simplest sedative for the irritable nervous svstem of infancv 
Tho warm bath has now replaced the opiate strait jacket and padded 
room treatment ot oscitement in mental disorders in most modem asylums 

The effects of heat and of cold on respiration appear to be somewhat 
similar each produces at first a sharp inspiration next a pause, and 
then a long expiration which is followed bv frequent and shallow 
breathing 

On the other hand hot baths dimmish tho power of muscular work 
unless at the same time mechanical stimuli such as douches and raa sige 
are employed but even with these adjuvants the increase in efficiency is 
always lo s than under the influence of cold application* 

Together with the increi cd muscular effort with which respiration 
is performed increased production of carbon dioxid and increased absorp 
tion of oxvgen occur also This evidence of increased tissue respiration is 
due to the active katabolism which the ti sues are undergoing in their 
effort to produce bv combustion snffiewnt heat to compensate for that 
abstracted bv tlie cold water The effort is pvrtly of reflex nervous origin 
(cf the shivering) and partly consequent upon the flooding of the viscera 
by tho blood which has been expelled from the constricted cutaneous cir- 
culation Roughly speaking therefore we muv regard the action of cold 
as tonic, of heat as sedative 

In addition to its u«e as a medium for apply mg physical agents, water 
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IS of great service as a solvait It is the most universal of all snlTenfs, 
the vehicle for the administratioii of all soluble drugs 

Water is given, to remove in solation or in suspension noxious matenal, 
not only fiom the surface of tlie body, but also from its apertures and the 
cavities into which these apertures open The bladder, uteru«, rectnni, 
colon, and stomach aro all -viihject to its cleansing action 

Water is introduced within the lymph vascular circulation through the 
mouth and rectum subcutanoouslv, intraporitoneally, and intravenoiislj, 
in order to dilute circulating toxins Bv makin,, tlie«c toxins le«3 concen 
trated, water makea them less poisonous It is simihrlj administered la 
cases of shock, particularly shock arising from hemorrhage, in order to 
refill the depleted vascular svstem and to prov ide endocardial stimulation 
to the failing heart These diluting and refilling actions are espemllv 
valuable m septic conditions, such as forms of scurvv, in vvhii-h toxemia 
IS complicated h-y profuse heroorthaeCS from mucous surfaces, and m 
diaeuoes, such as cholera infantum, m which toxemia coexists with pro- 
fuse waterv alv me discharges 

Water mav bo «o completely contained in a membrane that no 
or oozing occurs and salt may he dissolved m the w ifer to the point 
saturation without impairing the containing power of the memhraiie 
But, if a membrane perfectly containing an aqueous solution * 
pi iced m contact with a weaker aqueous saline solution, or with waei 
containing no salt, an interchango takes place tlirougb the membrane, « 
that the salt content of the water inside the membrane becomes equa 
the salt content of the water outside the membnne Salt diffu^s 
tho more to the less saltv oolution, and water, from the less to the mo 
concentrated solution This diffusion is calltd osmosis The more con^ 
centrated fluid is said to have the higher osmotic pressure, and the ui usion 
ceises when the osmotic pre!>sure on both sides of the separating mem ran^ 
IS equal Osmosis is one of the mo'it important phvsical processes m i 
It IS a determinant of the movements of all the bodv fluids and 
the distribution and elimination of the contents of these fluids 

has a lower osmotic pressure than human serum, so, when swallow 

passes through the membranous bowel into tho lymph vascular capi 
Water containing so much saline m Milntion that it is of higher osm 
pressure than the serum causes diffusion of fluid from the 
vascular capillaries into the bowel lumen Thus do saline ca 
produce copious waterv stools Inst is osmosis occurs between t e 
contents and the contents of the Ivmph vascular capillaries so does 
between tho contents of every hving cell and the fluid batiung 

The principle ot o'lmosis has been applied by Sir Almroth 
the distinguished Irish bacteriologist, to the treatment of septic 
wounds Antiseptics generally are protoplasmic poisons The ws 
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septic? are tbosc wliich are liigitlj destnictiTC to the protoplasm of bacteria 
and relatively harmless to the healths human cell 

Antiseptics, however, are almost invariable additional destructive 
agents menacing the life of the damaged cells in a wound After careful 
observation of the unfortunate effect of antiseptics upon wounds arising 
in modem war, "Wright discarded antu>eptic 8 in favor of the bland and 
uniformly beneficent svlino solution Silmc solutions wa«b wounds free 
from all uncleanncss exudate debris and surface organisms dissolve, 
dilute and disperse toxins and bv osmosis mecbanicallj relieve cells of 
their diffusible noxious contents The natural resistance of the tissues is 
thus greatlj reenforced and the optimal conditions for local repair are 
ensured The brilliant results alrcadv achieved bv Wright with this 
method of treating septic wounds make this new applicitinn of livdro 
therapy one of the most important advances m surgery of our time 

SIODE or Applicatjon 

The means employed to apply water arc innumerable llanj elaborate 
apparatus have been devxsed but in proportion as their complositv 
increases, their u cfulncss as a rule dccroises Indeed, all the essential 
principles upon which hvdrotherapv is ba ed mav be utilized through 
pnmitivo domestic applianeo? The ordinary full bath partial baths such 
AS hip baths, sliowtr and douche baths WTapping in wet sliects, and the 
application of compresses arc the most important means bv which water 
18 applied The tcuiperatnro is either maintained as constant as is 
possible throughout the procedure or it as designedly varied 

The water baths may bo mcdieatcd m various wajs Salt water baths 
(one-third of a pound of salt to each gallon of water) alkaline baths 
(one-fifth ounce of sodium carbonate or onc-tenth ounce potassium car 
bonatc per gallon) acid baths (ono-third oauicc dilute nitrohvdrochloric 
acid per gallon) mustard bran aromatic baths such as lavender and 
pine mercurial, ammoniated sulphurated and countless other varieties 
are emplojed 

Tho purpose of this medication is to add to the temperature effects, 
bland or irritating sedative or stimulant action of the m^iciment 

Stimulant action is obtained not onlj bv appropriate temperatures 
and medication, but also bv suitable regulation of the duration of the 
application At Nauheim stimulation is enhauced bj the impact of bests 
of bubbles of carbonic acid gas upjn tbc km JIaasage and friction bring 
about a similar but more powerful action Bv projecting water at high 
pressure against tho bodj — douches needle spravs — a similar result is 
obtained concomitant with tlio action of the water 

Ilcncc, temperature irritation or sedation and pre«surc, mav all bo 
readily applied b^ means of baths The practitioner, to employ the 
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remedial measure satisfactorily, must first clearly recognize the protbt 
effects ho ivishes to attain, then consider what means ore most simpk, 
most practical, and most certain to procure these effects There is nothing 
absolute in the facts herein set forth for the use of baths m aanous condi 
tions These facts arc gleaned from standard authorities such as Winter 
nitz, Banich, Schott, and others They arc meant merely as guides to 
treatment No one slavishly follows tho pharraacopeial dose of drugs 
Lach patient is a new experiment So the temperature, duration, coraposi 
tion, and frtquLiiea of the hatli, and the use of pressure, or massagi., must 
be as carefully considered and ns judiciously altered as the dosage of 
drugs would bo 

The hath maa he general, or local, cither applied to the entire boJj 
surface, or only to some part The water max bo biouglit into direct con 
tact with the skin, or another medium, os a sheet, may be made the xchicle 
for its use 

General Baths — The Ahliffion — An oilcloth or rubber sheet, covered 
with a blanket, upon which is laid a sheet, is prepared on tho bod of the 
patient Each part of tho body is consecutively exposed, a wet towel 
wnmg out of water is laid on the uncoxertd area With the flat of tie 
liand rubbing is applied through tho towel and then the towel is riBOTM 
and the part dried W hen tho whole body is to ho treated in this way it 
13 best to take the parts in definite order This is tho method of 
Wintornitz 

Banich recommends for much wcikcncd patients tho following pro* 
cedurc On tho dav following a warm cleansing bath tho patient n 
wrapped m longhaired blankets, one passing around tho body, underlie 
arms, and inclosing separately tlic lower extremities, another enfolda to® 
arms at the sides, and is tucked in about the neck and under the fee 
Heat 18 thus accumulated at tho surface In one-half to one hour t e 
face 18 washed with water at a temperature of 50° F Next each part is 
m turn bathed, rubbed, dried by gentle friction, and re covered 

When tlio patient has bccomo accustomed to this the ablution may 
given with the subject standing He stands m twelve inches of water a 
100° F, the attendant washing him down with his hands or with 
and pouring on parts of the body wxter at a temperature nutiallv 8 > 

but daily lessening till it reaches 00“ F 

Patients unaccustomed to cold water may begin by a partial ah u ro 
involving only the face, neck, and chest, and gradually including the w o 
body . , » 

Ablutions should always he rapidly performed Thev are u«ciu u 
merely as stimulants of the penphcral nerves and vessels, but al'O by 
reaction induced, as an index to the state of the patient They arc 
employed as a preparation for other forms of hydrothcrapeutic treatracD 
The Half Bath — There should bo in the bathtub enough water to i 
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merse tlio pelvis and it should be at a temperature of 70° T to 85° P 
lo present rctrostasial congestion the patients head is wrapped in a cold 
moist towel The face is first bathed The attendant then with one hand 
throws water from a vessel over the fiont of tho bodj, and with the other 
meanwhilt, rubs the back Colder water is used until the patient feels 
cold, should his teeth chatter he should be immediately taken from the 
bath A warm drj sheet preiioush prepared, is then folded about the 
pitient, and with it he is dried 

ijfmions — Water at a temperature of jO F to C5° F is poured 
from al>o\t on tho patient who sits in the tniptv tub or lies on a rubber 
cot riie dcgrci. of stimulation is in proportion to the temperature of the 
V. iter cmplo\ed and the height from which it is allowed to descend upon 
the subject, that is the lower the temperature, and the greater the height 
the greater the stimulation This treatment should be verv quicklv given 
111 acute casoa the patient sits or lies in chronic cases he stands in water 
at a teraperatwre of 100° F 

means of the affusion the scusorv cufanejus nerves over a lar^e 
arcs are meihanicall^ and thermally stimulated and a reflex action on the 
btart, respiration and metabolic functions ensues The intermittent 
nature of the stimulation lucnases tho effect produced 

Affusions should b) u«ed with caution wilb precision as to tempera 
turc and with due regard to the patient s power of reaction 

The Sheet Bath — A rubber sheet and a blanket ate laid on one side 
of the bed, or on an adjoiiiuip, bed There should aUo bo m readiness 
Bfveral linen sheets, coarso or fine lecortlmg to the effect desired, a tub 
of water, a cup, and a sponge The linen sheet is wniiig out of water at 
50® F to so F, spreid qiiicklj on the rubber sheet the patient whose 
head and face have been bathed in lOe water and who e Lead Ins been 
wrapped in a cold wet towel to prevent retiustasial congestion, is laid on 
the sheet Svstcmaticallv, stnvll arca'v of the hodj in snccession arc 
warmed by gentle friction As soon as a pirt is heated a cup of cold water 
i>0 F to C0° F, is poured on it Tins procedure is continued till the 
patient feels cold or diivers marktdh Sometimes the subject is permitted 
to remain m the wet sheet for half an hour then often a gentle sleep 
follows The first effect of the cold wet sheet is to contract the peripheral 
ves els next dilatation of tho cutaneous vessels occurs and is aided by tho 
friction the cold water then ogiin contracts them and so the process 
continues 

Drtp Sheet — Tho drip sheet is a modification of the sheet bath The 
room m which this measure is earned out should have a temperature of 
not less than 70 i The patient wiUi a wet towel on his head, stands in 
twelve inches of water at 100 F A dripping sheet, wet with water at 
7 > I , is placed over his shoulders under the right arm aero s tho back 
over the left shoulder across the front, and over the right arm. Quick. 
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rtmedial measure satisfactonlj, must first clearlj recognize the pnxi-t, 
effects ho %\ishc3 to attain, then consider %vliat means are most «iinpk 
most practical, and most certim to procuro thc«e effects There is aothmo 
absolute in tbo facts herein set forth for the uso of baths in Tanons condi 
tions Thc«o facts arc gleaned from standard authorities such as Wintie 
lutz, Baruch, Schott, and others Tliej are meant morel) as guidts to 
treatment No one slaiishl) folloivs tho pliarmacopcial dose of druga 
I aeh patient is a iicu experiment So tlic tompontiirc, diirition, comp»i 
tion, and frequeue) of the b ith, and the use of pressure, or massage, must 
be ns canfiill) considered and as judiciousl) altered ns tiie Josigo of 
drugs uould he 

The hath inaa ho general, or local, cither applied to tho entire bodr 
surface, or onh to some part The \\ iter liii) he, hroiight into dirict con 
tact M ith the skin, or nnoUicr medium, as a sheet, in i) be mado the vchick 
for Jtg use 

General Baths — Tim Ihlu/iou — Vn oilclotli or rubber «Iieet, co'oicd 
Mith a blanket, upon uhich is laid a sheet is prepared on the bed of tie 
patient Each part of tho bod) is coii«cc«ti\el) cxposexl, a wet towel 
wrung out of water is laid on the imcoicrcd area Witli tho flit of tbo 
hand rubbing is applied through the towel and then the towel is rcmoTcd 
and the part dried Wlien tho whole bodv is to ho treated m this way it 
18 beat to take the parts in definite order This la the method of 
W nitcrnitz 

Baruch recommends for much weakened patients tho following pro- 
eoduro On tho dn\ following a warm cleansing bath the patient i* 
wrapped in longhaired blankets, one passiHj, around the bod\, under th® 
arms, and inclosing separately tho lower extremities , another enfolds tho 
arms at the sides, and is tucked in about the neck and under the fiet. 
Heat IS thus accuraulatcd at tho surface In one-half to one hour t e 
face IS washed with water at a tempt raliirc of 50“ I Next each psrt is 
in turn, bathed rubbed, dned by goiitlo friction, and rc coiered 

Mben tho patient has bicomo accustomed to this the ablution nuij 
given with the subject standing lie stands m twelve inches of water a 
100° F , the attendant wa'ihing him down with hia hands or with a toae , 
and pouring on parts of tlie body water at a temperature initiallv > 
but dail) lessening till it reaches 60° F 

Patients unnccuatoracd to cold water ma) begin b) a partial 
luvolv mg oul) the face, node, and cheat, and gradually including the w o 
bod) . , 

Ablutions should alvvavs bo rapidl) performed They are ustiu 
jnorel) as stimulants of the pcnpheril nerves and vcssela, but aUo l>) 
roiction induced, as an index to the state of the patient The) are 

eniplojed is a preparation for other forma of li)drotbcrapcutic treatrovu 

The J/af/ Ila/h — There should be m the bathtub enough water to »a 
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to rPdct should he testeil and educated b> other drotberapeutic measures 
before wet packs are given 

In the cold wet pack there is nn mitial hock lasting from five to 
twenty minutes Ihis is lollowed 1» i h>peremic cutaneous reaction 
There is an mterchango between the cooled blood of the penpheral circu 
Jation and the warm blood from the \isccra which continues until the 
sheet IS thoroiighlv warm The evcretim of the skin is increased and 
toxins arc eliminated The wet pick al&o has a calming effect due to 
withdrawal of blood from the hram and the exclusion of external cutaneous 
stimuli To ecure the antipvrctic nction the wafer for the initial pack 
should bo C0° F to 70° F 'ttbeii the first pack is w irm the patient 
should be put into another wet with water 2 F warmer As soon as the 
second pack is warm the prow dure miv be repeated raising again (ho 
temperature of the water cmplovci) 2 F This is done till four or five 
packs bare been given or until the bod\ temperature bo satisfaetonlv 
reduced If the pack be givni for its sedative action and sleep follow 
the patient should he pcrmitUd to rcniiiD m the pack fill he awakes a 
cold ablution should then be gi'in 

IIol Blanket Park — Three or lour blankets are laid on the bed one 
blanket is wnuu out of water hot as can be borne b\ the hands, and 
spread on the bed The patient is loldtd in thi« and covered b> the other 
blankets Aftir ft cold wet pack the sheet is warm but after a hot blanket 
puk tho wet blanket is cool showing that there has been a diminution of 
heat production 

The 11 el Compress — Almost all forms of the compress consist cssen 
tiall^ of a linen bssis which is the vehicle for the npplicxtion of the 
wster md a drj flviinel bandage which covers and secures it These van 
onlv in slnpo and size to suit tlic ngion of the body to which thev are to be 
applied, and in the tempcraturi- of the vvater used 

The cold compre s causes contraction of the penpheral vessels and 
should therefore, be renewed freqiieullv enough to keep it a cold ipphca 
tion When the stimulating compre s is emplojeil the water is at CO F 
and the compress is permitted to remain in sttu till it is warm or even drv 
When covered with waterproof mitenal the compress becomes a surgical 
wet dre sing, astringents or alcohol are often iiwd for wetting It is so 
difhciilt to keep water compresses hot and so inconvenient to handle them 
that better beat rctTiiiing media sucb as the lin red compress, arc mucli 
used 

If the timpirature of the pitient bo hi„h the compnss should be 
thaugid evorj half hour otlierwi v evtn hour night and dav unless the 
patient is asleip Tresh water should la u ed and the compress boiled 
ev(r;y dav to prevent «iptic infection of the skin 

Phe Ihdominal Compress — ^Tht linen used for this compress should 
I** in three lavers of «ufHcient width to extend from the xiphoid proce s 
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strokes and occasional slaps are made b? the operator up and down over 
the sheet Twice or thrice during the procedure a basin of water, 10® T 
or 15° F colder than tho 'water m which the shfet has been dipnod, is 
poured o\ er tho head and shouldera of the patient , in the intervals fnction 
for fi\o to ten minutes is “ipplied On removing the sheet — which should 
bt rapidh done — the skm is h^pcrcmic The patient then steps out upon 
a woolen rug or blanket, ja completely dned with soft linen towels, and 
then nibbed doivn with a ivarm sheet or towel If this bath greatlv 
i'vtiguea the patient, its duntion slmuld be lessened till the reaction and 
resistance are strengthened 

The strength of stimulation in this measure maj be greatlj varied 
b^ varying an> one or more of the factors, temperature, friction, the use 
of coarse or tine sheets, tho use of the sheet dripping or well wrung out 
the frequency of tho applications of cold water during the process, and 
the duration ot the bath 

If tho hands and feet are cold oven on onsmg it is well to iwdw 
heat to accumulito before the sheet bith is given, by piling on blanhets, 
bv giving a wet pvck for ono-balf to one bonv, or by a vapor bath for a 
fow minutes 

The Cold Rub the Cold Sponge — On arising, before losing thi> 
heat of bed, the patient is wrapped m a sheet well wrung out of 
temperature G0° F to 75° F , nnd is vtrv actively rubbed down, with frfr 
qiient slapping to produce an active hypcitmi'i of the '•km ^ft€r 
drving and the administration of a cup of hot milk the patient is sent out 
for a walk . 

The 11 et Pad. — A rubber sheet is covered by a large blanket, whic 
hangs over one side o± the Kd and down over its foot A lar^e coars* 
sheet, very well wrung out of water at CO° F to 70° F , the temperatow 
being varied to suit the case is sprevd on tho blanket The patient, u 
head in a wet turban, hts down with upstreUhtd. arms, the right 
the sheet IS brought under the arms acro-^s the front of the body, 
tween the lower limbs Phe left aide is brought over the arms and '' 
and tucked in at the neck ind feet The blanket is then drawn fi J 
about the patient and tucked m at tho sides, neck, and feet ‘ Everyt *^o 
depends upon complete exclusion of air from beneath the blanket cover 
If the patient is chilly he should be covered with blankets Partial p3 
including only the body below the axillae, may be given The pack s 
one half to ono hour The effect vanes with the duration, the 
the sheet, the temperature of the water, tho extent of the pack, ao 
frequency and number of times it is repeated To restore the 
the cutaneous ves‘?els which have been relaxed by the wet pack, the 2 
bath, the sheet batb or the cold ablution should follow In the 
the reaction is entirely dependent upon the patient s capacity 1 

previously warm the reaction is better The power of the patic 



mDROTHtP \P\ 


421 


procedure, siich as the wet pack The face and neck should first be bathed 
with vtrv cold water, and the plnns^ bath then entered suddenU The 
whole bod\ should be immersed m the water the head aKo being dipped 
seieral times The bithcr should exercise or rub himself in the water 
The plunge bath «hould list from i few seconds to two or three minutes 
It should be followed b^ Mgorous mbhin^. As soon as dry the patient 
should exercise mnderatelv or be mas iged 

The Ham Full Baih—An\ bath with a temperature above that of 
the skin (92° F ) Baruch designates i wnrm bath 

The temperature of the room m which a warm bith is given should be 
between "0 F and 80 T Warm towels and a warm sheet and several 
hot water bags should be in readiness If then is no hot water on tap 
tubs of water at a temperature of 200 T should be prepared so that 
the bath femperatun. mi\ be raised at an\ time if iiei.e«xar% The water 
m the bath should ha\o a tnnperatnrc of 0 F (Baruch) it is also used 
at temperatures between 98 F and 104 F The patient wets his face 
and neck with the water in the tub before entering it lie lies down in 
the bath and should romam iminer cd to the chin The duration of the 
hath tarieswitli the coiulidons f>r which it is adninustcrcd Something 
worm should ho provided for the patient to stop out upan the warm sheet 
38 rapidh folded around liim mid lie is put into a warm bed and coacred 
with lilaiiketa After a few minutes he is dried Profu«e perspiration is 
to be avoided 

^^hpn the bith is warm the imtabllit> of (he sensor) nerve endings 
18 decreased, the bith has therefore a eedilive effect V hot bath — one 
above 100 — has a dinetlj opposite action 

The CoiitimiOivs or Hammock Bath — The ordinar) bathtub is usualh 
too small for this piirprsc So that the patient raiv he able to repose 
in comfort for a prolongid ]Kno<l he is euspindcd in a liammocklike 
arrangement, which should deir tlie bottom of the tub Suitable rests 
should be provided for the head and nntes If the size of the bathtub 
be adequate a hammock bath can be easilv iraprovi-icd at borne opposite 
one another, along each of the two sides of a largo sheet, four to six 
pieces of stout bandaj,c arc stitched The pieces must bo long enough to 
alhw the free cuds of anv piir t? bo tied under the bithtub, when the 
middle of the beet rests upon tlic I ittom of the tub After the patient 
has been placed in the bith upon the sheet the eoiresponding free ends 
of each pair are pulled until thev are «o tightened that the pirt of the 
l»)d) which tlieir section of the shext supports is made to assume the 
optinul jyisition for its ciunfort Strips of buidige six inches wide mav 
lie u«ul and the sheit altogether dispensed with If the bithtub rests 
directly on thefleor stout wire should be twisted into ‘a shaped books one 
curve of the S hooks on to the side cf the bith to the other curve which 
should K withm the I ith the supporting bandage is fixed An India 
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to the 8^^nphJ3ls pubis, and fall otcf the sides of the trunL The watfT 
out of which this cloth is wrung should bt at a temperature of 60° F 
to 70° F 

The Neplune Girdle — The Neptune girdle is a modification of fiie 
above compress The linen is made long enough to encircle the body and 
form a double fold on the abdomen It is covered b^ a di^ Imtn or flannel 
binder, and is changed twice or thnee in the twenty four hour*, the part 
being sponged with cold niter before each renewal 

The Combination Compress of Tiuitennl^ — The Neptune girdle u 
applied as described A leilcrcoil, irrangcd to bait hot water pa sed 
through it, IS laid on the epigastrium Tins hastens the reaction, and 
feflevh stimulates the nerves of the iindcrUing nrgins When a com 
press IS emplovcd to reduce iiifi immation it should be frequently changed, 
never being permitted to become vvinn The object bere is to beep the 
vessels of the inflamed part in a stitc of contnction The temperature 
should not be so low is to paralvzc the cutaneous vessels, nor so high as to 
dilate them. To attain the desmd end a temperature of 50° F to 60° F 
18 suitable 

Cold ipplied io the Head — Instead of using the clumsv ice-hSe 
which wets the pillow, a wet cloth miy be hid on tbe head and held to 
position by a cap of coiled rubber tubing through which ice water 
flows 

The Full Bath —This mav be given Lot or cold, with or without fno 
tion The cold full bith has become lutinuteh issociitcd with tie nainc 
of Brand in the theripv of tvphoid fever Brand s method for the cold 
full friction bath is described later 

Another form of the cold full bith is the graduated bath of voa 
Ziemssen The patient is placed in i tub which is partially filled wit 
water at a temperature of 86° F to 90° F, ind to which water of a tern 
perature of 40° F is added till a temperature of about 77° F is aftaine 
Friction is used, and the bath lasts one-half hour The patient, on eme^ 
ing, IS allowed to remain in warm blanketa for fifteen mmutfes before 6 
IS dried and dressed , 

W^internitz recommends the eraplovment of alternate half and ^ 
cold baths, the former at i temperature of 00° F to C8 F , the latt« * 
a temperature of 42° F to 50 F The patient remains in the half ha 
one to two minutes, then steps into the other for one-half to one nnnutCi 
continuing the alternation according to the evtent of the desired reactio*^ 
As a hjdnatic measure tlie cold full bath requires the strongwt r^ 
active response from the patient, it is therefore neee&oarv e«petial} 
the reactive power is weakened in the sick, to bring to its aid the fne ic 
insisted upon by Brand ind his followers , ■ 

The Cold Plunge — This bath shonld not be entered if tbe subject ec ^ 
chilly If necessary the skin shonld be previou Iv warmed by some o c 
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to this treatment The sitz bath acts on the abdominal and pelvic organs 
and \C8aels, its action depending, as m other forms of baths on the tern 
peratiire of the nater and on tht duration of the bitli Other partial 
baths are the occipital hath, the clhon the hand, and the foot baths. 

The Elbou Bailu — The elbow is kept in a vessel of running cold water 
for ten to twentj minutes Hand and foot baths are given in the same 
way, but the water may be used cold rr hot 

Application of Extreme Temperatures — *>Uam and Hot-air Baths — 
These are commonlv given in cabinets which inclose the entire body with 
the exception of tho head The hi id ind neck must be cooled during the 
bath The temperature of the Inth iisuallv 104° F though pjssibly 
higher, is attained gradualK as thi steam enters The duration of tin. 
bath varies with tho indications rarelv bein., more than thirtv minutes 
l\intenutz has deviserl a method for a steam bath at home A wooden 
raftlike frame lies at the bottom ot the tub on which the bather is raised 
from the floor of the tub A (.ontiunms flow of hot water gives off steam 
la the tub, wluch is well covered to prevent its escape Higher tempera 
tures can be bomo in hot air than m steam baths and in steam than m 
hot water Tht Imth causes ripul dilation of the cutaneous vc'scU, fol 
lowed in a few minutes b\ svw itiiic To increase the perspiration cold 
watvr 18 given to the patient to drink It is best after the bath to employ 
some cooliii^ hydriatic measure 

Tho radiant heat from ckttrw light is utilized to confer teraperatutos 
of Bcvcral hundred degrees TJies< ttmpcraturvs can be easily tolontcd 
for some time provided the part to be heated is dry and is enveloped in 
wool or other absorbing material so that perspiration may not gather 
*'iutab]v 6W itlicd, a limb can comfortably endure ft temperature of 2^0° 
for half an Lour Hie apparatus made hv Dowsing niid by Tymauer for 
admiuistcruig ridiint heat is verv practical The ingenious Bergouie 
has utilized the he it developed bv interposing resistance in an tlretnc tir 
tint 111 such a manner that he can project Iw it through tl'C tissues so tint 
it converges ujxm a dtsirtd focus in an org-iii or structure vet does not 
hum tho shill This ‘diatliermii lias already proved of great worth 
The application of heat gencratid by electricity will be fullv discussed iii 
the section deiliiig with electricitv 

Lu.'yStnn Bith — The Russinn bith is a form of steam bath 

Irish Loman Baths — In li I omiii bitlis are hot air baths where the 
patient enters a erics of rooms filled with air of incrcasinglv higher 
temperature 

Ice — ^Tbi most common wav of applving r-vtmue cold is bv means 
of the ordinarv icc-big the n e of coiled tiihin., the I citcr coil through 
vvhich ice water is pa sod is however preferable The tubing is coiled 
in any form to fit the pirt to which it is to be ipplud The ice cradle 
IS an ordiniry hospital cradle placed over the ehe t abdomen or entire 
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nibber air ring mnUs a good bead rest for the bather The temperature 
of the water should be 05® F to 100® i The water nn\ be changed 
oiict m tweiita four hours, or a constant inflow and outfloii mav be 
arranged Before the patient enters the bath his skin is anointed witl 
a fit — lanolin or \ i«tlin — as saturation n!a% ciiise hriieling and pechn 
It IS desiriblc to hive the tub raised from the floor and coiered with 
blankets to exclude air and prevent exposure A wooden boird may be 
placed across the tub to support the blankets, and also to sene as a tray 
tor the patient s meals The patient ina\ bo lifted from the tub t) 
eiacnate the Ivincls and bladder, or the urine and feces mar be per 
nutted to pass qmekh awa\ in the outflou V patient is kept in tbeeoii 
tinuous bith for aii% length of time, from a feu hours to more than a 
} ear The continuous \i ami bath quiets the mental excitement of the mid 
particularly of miniacs who have cold or cianotic extrtnuties Its seda 
tne effect upon comailsive inoitmciits iii children is remarkable In 
septic uouiids espccialh wounds of the bladder and abdomen, it cannot 
bo too highh roconimendcd In septic aiounds of the limbs, arm, foot, or 
leg local baths arc pri.fi. table, for in the hammock bath a B coh infection 
IS soon added to the original sepsis I ha\c ncicr seen this B coh infec- 
tion ossume a menacing form, but it is both uiiplea«ant and unde«irabk 
^Vlieu a septic avouiid is complicated ba fracture of the bones, continuous 
irrigation, or frcqiientU reniued saline compre->aes are usually preferable 
to baths, for batlis necessitate painful and nincli to be deprecated wovoineDt 
of the broken boiu-s 

Doiuhes — In the douche a column of wafer de&ceuds from a heicbt 
There is thus obtained the mechanical aatioii of the proi^s-ure of the water 
as well as the efTei-t of its temperiturt Alaiu foians of the douche eu-t 
The vertical ram doiicho is a <!liow«.r bath, iti yvluch the water fills frsQ 
w perforated nozzle or rose Tht jcl or fan douche is a movable nrnn'^ 
ment to direct a column of water upon am pirt The ascending or 
perineal douche is a spray of water, directed upward, oaer wlmh t o 
patient sits on a stool with a ring shaped sc it In the circular douo c 
the water is directed horizontilh inward from circular tiers of perfora 
metal tuhmg The Scotch douche, or alternating douche, applies heat an^ 
cold alteniateh, either liye steam and cold water being alternate or 
warm wa*er being used in place of the steam Carbon dio'vid and hot au 
are also applied by means of douches aVs these arc measures ulur * a 
mostly practicable m institutions only they will not be further consider 

Hip or iSit^ Bath — The tub used for this bath is familiar 
perature of this bath is varied, it may be cold, tepid, warm, or hot 
should be enough water to reach to the umbilicus of the patient w 
he IS seated in the tub Tlie patient sbonid be carefully coyered to 
him from chilling rriotion of the upper part of the body naay be a 
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to tins treatment The sitz hath acts on the abdominal and pelvic organs 
and vessels, its action depending as in other forms of baths on the tern 
perature of the water and on the duration of tht bath Other partial 
baths are the occipital hath, the elbou the hand, and the foot baths 

Tht Elbou Bath — The elbow is kept in a vessel of running cold water 
for ten to twente minutes Hand and foot baths are given in the same 
way, but the water maj be used cold or hot. 

Application of Extreme Temperatures — *'ltam and Hotair Baths - — 
These are commonly given in cabinets which ineloso the entire bodj with 
the exception of the bead Tht he id and neck must be cooled during the 
bath The teraperitiire of the bath iisuallj 104 F, though possibh 
higher is attained graduallv as the '.team enters The duritiou of the 
bath vanes with tho indications ranU l«ing more than thirty minutes 
Wintemitz has devised a method tor a steam bath at home A wooden 
raftlike frame lies at the bottom of the tub on which the bather is raised 
from the floor of the tub A continuous flow of hot water gives ofl Btcam. 
in the tub which is well covered to prevent its escape Hij,her tempera 
tures can be borne in hot air thin in steam baths and m steam than in 
hot water The bath causes npid dihtion of the cutaneous vessels fol 
lowed m a few minutes sweitnig To increase tho perspintion cold 
water is given to the patient to drink It is I>c8t after the bath to employ 
some cooling hjdriatic measure 

The radiant heat from electric liglit is utilized to confer temperatures 
of several hundred degrees fheoc tcmptnlurcs can be easily tolerited 
for some time provided the part to be heated is drj and is enveloped m 
wool or other ab oromg materul so that perspiration mav not gather 
Suitablv swathed a limb can comfortablv endure a temperature of 200 
for half an Lour The apparitiw made bv Dowsing and bj Tymauer for 
administering radiant heat is vtrv practical The ingenious Bcrgonie 
has utilized the hevt developed hv interposing resistvncc in an electric cir 
emt in such a manner that he can project heat throngli the tissues so that 
It converges upon a desired focus in an oigaii or structure jet does not 
bum the skin. This diatliennia has alreadv proved of great worth 
The application of licit generated bv ilectncitv will bo fullj discussed in 
the section dealing with electricity 

Pmstan Bath — The Russian bath is a form of steam bath 

Irish Poman Baths — In Ii Roman baths are hot air baths where the 
patient enters a senes of rooms filled with air of increasinglv higher 
temperature 

— The most common wav of npplving extreme cold is by means 
of the ordinary ice-bag the use of toiled tiibing the Leiter coil, through 
which ice water is passed is however preferable The tubing is coiM 
in any form to fit the part to which it is to be applied The ice cradle 
u an ordinarv hospital crvdle placed over the chest abdomen or entire 
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body 'Ihe patient 15 stripped Icc-bag3 or path of ico are hung from die 
pole of tlie cradle, and the whole coiered over with a thm sheet The 
patient is kept m the ife cradle till his temperature is sufficiently reduced 
A hot water bag is kept at his feet to prevent chilling 

Ice Eub — The ice mb is given by means of a flattened piece of icc 
in a cloth with which the parts of the bodv are rubbed in succession. 

Ice Pack — The patient is stripped, and enveloped in a cold wet'^heet 
An ico-cap la laul on his head, and pieces of ice, carefnllv swathed, are 
placed at his aides He is rubbed by the nurse with pieces of ice, as m 
the ice mb Other methods of using extreme temperatures are the ether 
and ethyl chlorid spravs and the application of carbon dioxid snow 
General Observations — irvdrothcrapeiitic ipplicitions are eytremeli 
valuable igonts, but if skill, precision, and judgment be not employed lu 
prescribini, and in administering tlieni they miy cuise great injury 
General cold applications should never bo given in states of collap'oor 
in ethaiistion, if the temperature be subnormal, during a chill, w dunue 
a hemorrhage A patu nt must be warm before he is subjected to general 
cold When there is any suspicion of reactive weakness, the reactirc 
capacity of the patioiit must be carefully trained by gradually lowering 
the temperature of the water, and by slovrly increasing the duration of 
the hath , mcinvrhile, mechioical stimulation of the skm through aerating 
the vv-itcr or through friction should be employed However, m the treat 
jnent of tuberculosis Aberg advises the gtying of cold full baths wnthout 
preparatory triimng of the patient Full biths of high temperature must 
be u&ed with grevt cvution In arlenosclctoais renal disease, and cerebral 
bvpt remn, during such hot baths cold mu«t be applied to the bead to 
prevent the danger of an cxccasivc flow of blood from the stiraulatia 
body surface to the head (Wiiitemitz’a "retrogrode hypostatic conges 
tion”) Uy mistakes have occurred in the u«e of hot baths for comatose 
children Even when the greatest gcntleiieva is used, moving the morioun 
may precipitate death and the sudden dilatation of the cutaneous cap 
lanes which follows iinincrsion in the warm bath may so reduce the end^ 
cardial stimulation in cases where diarrhea or hemorrhage has depreted 
the vascular sv stem, as to cause the heart to stop beating The In Jrothera 
pist has not the protecting spcreo of the. operafing room If the en 
comes while the patient is in a bath the relatives may consider the sanc- 
tity of death prof ined before their eyes So it is well in cases of eytrnine 
exhaustion to use strychnin, transfusion pituitarv extract or other stiffiU 
lants, before invoking the resloratm power of the warm bath 

Local applications of heat or cold have little influence on general con 
ditions, but we find few contra indications for them Local heat shou ^ 
not be applied for the aborting of a cinoumscribcd inflammation a® ’ 
raises the temp&rature of the di8ea«vd part, increases the congestion) an 
favors pus forniatiou Local cold, however, is valuable, for it has the con 
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trarv effect to heat As an analgesic either may serve Cold is usually 
better in pain from mffammation for it not onlj diminishes exudation 
and thus spares the inflamed nerves fmm pressure, but it has an analgesic 
effe t on the nerves Heat is ven semeeable in pain caused b} nerve 
lesions Sometimes trial alone cm decide which should be used It 
must be remembered that severe crld too IoDj, applied may impair the 
vitality of the tissues protecting laver of gauze should intervene be- 
tween Ke and the shin and the application should be discontinued for at 
least fifteen minutes everj hour 

Although hvdrotlierapy mav evert not merely a palliative but often 
even a curative influence, its habitual use mav create a pernicious tendency 
to rely mainly or cvclusivelv upon it Other forms of therapv — cram 
drag dietetic psjchic phjsical and operative — should have unprejudiced 
consideration lu the mind of tla rational physician, so that the patients 
rights may be sacrificed neither to therapeutic habit nor to therapeutic 
bigotry 


SPECIAL HYDROTHERAPY 
DiSEA''ES or THE ClPCtl^TOBT SlSTEM 

The hjdrotherapt of circulatorv di eases is very ample Through 
Btimulation of the cutaneous nerves bv means of cold water charged with 
salts and gas, or turpentine or ammonia or other mild irritant vasoeon 
stncfion 18 produced in one set of arterioles and n vasodilatation in 
another Conceivably also the stimulation reflevlj influences the heart 
muscle itself The vasomotor changes produce endocardial stimulation bj 
raising the blood pressure But together with the rise there is dilatation 
of the visceral arterioles so thst the blood is driven into and through the 
stagnant pirts of the circulatory svstem The nutrition of organs in 
which stisis IS s menace is thus improved The heart is made regularly 
mildly and effectively to act The coronarv capillaries may share m the 
blood redistribution and the heart thus benefit directly from the bath 
But there is as vet no proof of anv special implication of the coronary 
circulation Doubtless howtvtr cardiac nutrition is enhanced by the 
“teadjiug and slowing mfliience of the discreetly increased blood pressure 
It is as it were a mild aud beneficial erercisc which the heart enjoys 
The lowing of the rate and tli© regular rising of the cardiac rhythm not 
onlv enables the heart effectively to empty ite cavities, but in the pro 
longed diastoles an opportunity for regular md systematic flooding of the 
coronary capillaries occurs and the nutrition of the heart muscle improves 
The application of cold to the prccordiitm will slow the rapidity of an 
irritable and infected heart It is a valuable adjuvant to the treatment 
of endocarditis and pericarditis as it moderates the fevered activity and 
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the cirtlinc muscle from undiio exli'matioii Jforcover, in \alvii!ar 
lesions, tins traiiquilizmg of tlie heart spares tlio fragile, cdcraakiiu, 
infiltrated vnhts from ns innnj imp lets ns the heats that are aioidcd 
I’rccordial cold applied causes nlso a dilatation of the \os«cl8 in the heart 
musclo and in tlio pericardium, and thns aids in repelling the hictenal 
invasion by augmenting the blood anpply 

Heat cautiously npplieil to the prccordium mav stimulate the heart 
to more forcible, more regular, and more cfiicicnt eontrattioii It also, 
refloxl^, causes a constriction of the coronary vessels In weak, distenJd, 
dilated hearts tlic application of heat ma\ act ns a powerful stimulus and 
soon strengthen, rcgiiianre, and increase the aniphtwdc of the pulse, and 
dimmish the area of cardiac diilness 

Arteriosclerosis — It is of gre it imiHutaiKc to ri call (he dii il rcl ition 
which tho increased peripheral resistance maintains m tins common 
malady It serves, not only ns n cause, but also us an effect IVhm 
faulty dilatition of the vessels exists there ensues an imperfect elimination 
of unknown products of inetalKilism which lead to a toxiinin This m 
crease of circulating toxins maiiilv hj direct nctinii on tho vessel wilb, 
hut perhaps indirectly also, through the vasomotor nerves, gives rise to a 
spasm of tho vosslIs vvlueh, m turn, lends to a still more sciintv blood flow, 
ns elimination is dcpciulent ujiou the rate of renewal of the hlood ini’i'’ 
cmunctorj or,,nns, such a decrease m the vasinlnr supply senes to cripplo 
depuration still more Thus a vicious circle is instituted niul tho toxemia 
increases J ho increased resistance to the vascular current in turn pluw* 
added work upon the heart, which at first hypertrophies and Inter fn” 
quontly dilates as mvocardial changes occur As, except for temporurj 
effect, dnigs should not be given to obtain the desired vasodilitation, 
hydriatnc measuris possess a particular value m the treatment of sclerotu- 
vessels Bv hydrotherapy it is possible to reduce the umlue constnctiou 
of tho vtsscls thus to augment the Wood flow and to promote cbnuiutmii 
The partial rub at a temperature of 08” T is best suited to lie the ui't'^ 
measure If the patient withstands this mild procediiri, after a ftw 
more stimulating mensims, fliieh ns the full cold nih, prefcrihly a ^ 
lower tempi rature, should lie instituted The durntion of the ru> ' 
governed by the reaction The npplicitioiis of cold to the precordinni ac 
head nro indicated not only to meet the effect of tho disctst on t ic 
culatory mechanism, but also to counteract tho added strain placed t icivo 
by diaphoretic measures Tho atcam bath of inodorato diirution ant ? ^ 
perature, not exceeding liO® P, when used in arteriosclerosis as a ' 
phorotic must bo conjoined with cold applied to the prceordml region a 
head Tho employment of the hot hath, 95° to 100° i , is of great scrvi 
Venous sluggishness yields often to running foot haths . 

Endocarditis — Acute — In all cases of acute endocarditis the 
tion of cold to tho prccordinm is indicated, as by tins mcisuro ca 
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sedation is secured and the possibility of the occurrence of embolism is 
minimized The applications of choice axe the piecordval coil and the 
ice big Tilt selected one should be kept in place contmuonsh for a period 
of, saj, several dajs, unless the heart shows signs of weikncas In the 
presence of non inflammitory m>ocardi3l changes cold precordial applica 
tions must be used with caution or not at all Partial rubs later m the 
course of the disease are advocated 

Chronic — ocal stimulation of the heart obtained bv the use of the 
cold precordial coil is practiced It is claimed that digitalis mav be sup 
planted by this application The use of heat to induce general invigora 
tion and to reduce penpheial resistame is advisable but onlj under 
extreme caution, as the temporarv increased activitj resulting from 
thermic measures maj be moat potent in producing cardial dilatation 
Diaphoretic measures, as wet packs, partial rubs and the A\intemitz 
modified steam bath applied hre to ten minutes arc of value in reduction 
of edema The last coiiai ts in exposing to steam the lower parts of the 
bodv while to the precordium is applied a cold coil to reduce the danger 
of dilatation Irregular or broken compensation and cardiac insuffioienoj 
require careful hvdriatnc management Much depends upon the changes 
m the heart mnsdo The use of the carcfullj graduated partial ablution 
(CS P ) for several dajs and then the application of the cold precordial 
coil are the usual treatment II there l>e undue vascular constriction 
present in the cardiac insufficiency general measures may bo applied to 
tlmiiinte it Prominent among general meisnres may bo mentioned the 
Nauheim or ^ehott treatment 

Hemorrhoids — This aggravating maladv often viclds to brief, cold 
sitz baths of about 85 F temperUure Hot hip baths are valuable to 
relieve pam and to ensure cleanliness and should be given night and 
morning After evorv evacuation of the bowels cleanliness should be 
attained by cold sponging 

Acute Pericarditis — The ite-hag or cold leiter coil is applied con 
tmuously to the precordium with the same precaution observed m acute 
endocarditis These measures exert decided analgesic and anti inflam 
matory efftLt Ilvpcrpvrexia is tnated with extremely cold half baths 
Diaphoretic measures, particularly the wet pack for two hours, are in 
dicated by an obstinate effusion 


Diseases op tjie Respiuatort Tract 

Asthma — A brief application of cold to the nape of the neck effects 
relief in bronchial asthma depending upon nasal conditions The form 
used mav be an affusion, or a doudie under ten pounds pressure 
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saveb the cardiac muscle from undue exhaustion, lloreover, in ralvular 
lesions, this trauquilizing of the heart -pares the fragile, edematous, 
infiltrated ralre* from as many impacts as the beats that are aroiied 
Precordial cold applied tiu'ses also a dilatation of the vessels in the heart 
mu«cle and in the penc^rdium, and thus aids in repelling the bacterial 
invasion b;j augmenting the blood supply 

Heat cautiously applied to the precordium mav stinuilafc the heart 
to more forcible, more regular, and more efficient contraction It, a!^, 
reflexly, causes a constriction of the coronar^ vessels In -weal, distended, 
dilated hearts the application of licit mav act as a powerful stimulus aud 
‘'Oon strengthen, regularize, and increase the amplitude of the pube, and 
dimmish the area of cardiac dulness 

Arteriosclerosis — It is of great miportanci to rccill the dual relation 
which the increased penphcril resistance muntains m this common 
maladj It series, not onl\ as a cause, but aBo as in effect When 
faulty dilatation of the itssels exists there ensues an imperfect elinunation 
of u^no^Ti products of metabolism which lead to a toxemia This in 
crease of circulating toxins miinlj by direct action on the lessel wall’, 
but perhaps indirecth al'O through the vasomotor ncncs, gives ri*ctes 
spasm of the ves els which, in turn, leads to i still more scjnt> blood flotr, 
as eliminatioii is dependent upon the rate of renewal of tho blood m the 
emunctory organs, such a decrease in the vascular supply serves to cnpph 
depuration still more Thus a mciows circle is m tituted and the toscmii 
increases The increased resistance to the vi«cjilar current in turn 
iddcd work upon the heart, which at first hypertrophies and later fre" 
quenth dilates is m\0C3rdial changes occur A«, except for temporal) 
effect, dnigs should not he given to obtiin the desired \a^odllatatl<'n 
bydriatric measures possess a particular vilue in the treatment of sclerotit 
\es«el9 Bj hjdrotherapj it is posable to reduce the undue constriction 
of the vessels, thus to augment tin blood flow and to promote climiuitio^ 
The partial mb at a temperature of 08® i is best suited to be the 
meisure If the patient withstinds this mild procedure, after a fiw 
more stimulating meisures such is the full cold rub, preferabh ^ * 
lower temperature should he instituted The diirition of the m 
governed by the reaction The appUcatious of cold to the prrcordium a” 
head are indicated not only to meet the effect of the disease on the cit 
ciilatoiy mecbaniam, but il o to counteract the added strain placed thereon 
by diaphoretic measures The steam hath of moderate duration and c® 
perature, not exceeding 140° F, when u«ed in arteriosclerosis is i 
phoretic must be conjoined with cold applied to the precordial region 
bead The employment of the hot hath, 95° to 100° F, is of great -em 
Venous sluggishness yields often to xunning foot baths , 

Endocarditis — Acute — In all cases of acute endocarditis the 
tion of cold to the precordium la indicated as by this measure ca ' 
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respirators or carduc embirrassment appear tiic cold precordial coil i9 
indicated High fever la controlled hj wet packs 

Co’^STITLTIOVil. A^D HsTABOtlC DISEASES 

Anemia — CJilorosts — To picvent htit abstraction while obtaining 
energetic stimulation of the nervous svstem is the hvdrotherapeutic aim 
m treatment of clilorosis To lessen the Lett loss all cold applications 
should follow some heat retaining, measure, such as the warm bath at 
100 F , with room temperature not below 70 F the drv pack or, 
viithoiit incre'isiug the heat bj additional mcisures the heat retention 
diiniip the period of sleep mn he utilized hv applying the invigorating 
procedures upon arising in the moninio 

The ehoice of the innervating measures IS great Ablutions of SO F 
which ire lowered two or three decrees daiK iml combined with mocbani 
cal stimulation rapidly gi'tn in the winn bath frcqiientlv give happv 
results The ablution mav al o follow the drv pack pitU followed 
hv the half bath and rain baths are valuable inviliane# when the nerve 
tone has been heightened Circular and sprav douches of two to tliirtj 
seconds’ duration with water, hrst of high temperature 9,) F and then 
reduced to a teniptmtnro as low as 45 F follovred bv massage vield 
ovcellent results Hot air baths of 125® F to 160 F should precede the 
u e of the douches 

The following plan of treatment is valuable Electric light baths for 
fifteen to twenty minutes then the fan douche nt 10.^ F with twentv 
pounds pressure for thirtj seconds and then at 70 F for fifteen seconds 
and a dry rub followed by one hour of rc t This treatment la repeated 
on alternate dajs 

Secondary Inemia — The general treatment is that presenbed for 
chlorosis Among the special manifestatiom of the paucity of the blood 
cells the cephslalgia, and the loldness of the evtremities — particularly the 
feet — may require special measures The headache responds happily 
to the use of a hot water coil applied to the neck and the cold mb con 
fined to the logs Brief runmug foot baths are the most efficient measure 
to relieve the coldness of the feet Cold douches u ed after a preliminarv 
hot application arc indicated m anemia of the vucera They may he 
general, as the Scotch douche or localized as the fan douche applied 
to the abdomen 

Diabetes Insipidus — or cold half laths and full biths are 
recommended The half baths possess a special value for neurotic 
children 

Diabetes Mellitus — In addition to attamiUp a strict cutaneous by 
giene thus ohviatin,, the dangers of cutaneous complications hydrotherapv 
ererci es ome remedial power over diabetes, esp^ciallv that form which 
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Acute Bronchitis — A wet pick for two hours, followed bv mechanical 
stimulation, should be tried in an attempt to terminate the disea eat its 
onset The cross pick (Pncssnitz) at a temperature of 45° to o5° F, 
renewed e%er^ two hour<>, often lessens the cough and exerts an analgesic 
effect Fhc Ii'ssmor method of spraying may be employed for its ex 
pectorant influence after rapid ipplieation of a steam sprai at 110° to 
125° F , for fifteen scoonds, o'vtr the upper part of the trunk, a cold fan 
douche 13 applied for throe to five seconds , n rapid friction rub follows 
In sixteen cases in which this routine was emploied T]<isauer obtained 
read) expectoration The cold Leiter coil to the precordium ma\ be 
needed, particular!) in the aged Hot mustard foot baths are of proren 
\ aluo 

Acute pulmonar\ affections frequcntl) complicate the exanthemata, 
particuhrh measles "Wnien in their course, bronchitis or bronchopceu 
monia appears, cold half baths for fixe minutes at Y8 8° to 71 6° F, with 
douching and subsequent gentle mechanical manipulations, are indicated 
I xtremel> brief plunges into water at to 54° F , succeeded b) strong 
friction, ma\ be used if the case is doing badlx The mustard pack as 
practiced In Herzfcld is ver) efficient In this measure flannel apphu 
tions are made of one to ten or twent) dilution of oil of mustard wbieb 
has been made according to the directions of the German Pharmacopeia 
Ihe diluent is equal parts of alcohol and water and the degree of dilution 
depends on the urgenc> of the case The application euxelops the clii|d 
from the neck to the knees and remains in place until the skin is maik 
edl) hxperemic When the desired cutaneous hxpercmia is attained, 
usualh in from fifteen to thirty minutes, the child is placed m a 
33 per cent alcohol pack At the expiration of one-half hour the wet pac 
13 supplanted b> a dr) sheet This procedure should be repeated every 
twentx four Lours and oftener if the case is xer) severe It produces 
Its bapp) results rer) rapidly 

Edema of the Lung — The mustard pack is claimed to he quite efficieu 
m pulmonary edema The application is continued thirty minutes 

Hyperemia of the Lung — The hot bath at 106° to 110 F for ten 
minutes, or the hot bath for fixe minutes followed by a warm pack, is j e 
usual remedial measure employed The hot mustard foot bath is of 
to induce sweating 

Pleurisy — In acute plcnnwx three sxmptoms are present, cough, vsp" 
nea and pain, which are amenable to hydnatric treatment The cro^ 
binder through w hich passes a cold xratcr ooil is the most efficient ineasu 
The leebag mav be used A\tt packs and mechanical stimulation, ^ 
half baths, 7l 6° to 68° F , arc valuable auxiliaries In event of au^ 
Sion steam baths or hot air baths, lasting ten to fifteen seconds, follow 
invigorating measures are em^oyed to induce diaphoresis 
hourly changed cross binder may aid absorption, of an effusion & 
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follows their termination Some advocate the application of heat only 
to a dtgree iiecessarj to obtain visible perspiration 

Podagra — When gout is fonntl in assomatiou with ohe itv the hiclii 
atric management laid down for that disorder should be installed at once 
In the more acute forms analgesia with minimization of the articular 
and periartieular effusions may be obtained by the u«e of briet cold ap- 
plications to the affected parts These mav be followed by circular cold 
compresses To combit the more chronic gout the following treatment 
may be employed A jet douche of 104 F under fourteen to eighteen 
pounds pressure is followed h> a full hath at 100 to 104 I The 
patient is then placed m a dry blanket pack for ten to twcnti minutes 
and then given a cool douche A rapidly administered alcohol rub ends 
the treatment The indirect douche at a temperature of 08 to 104 F 
applied under a force of fifteen pounds m a warm bith is al o emploved 
l\et packs applied from on© to two hours, with a subsequent brief told 
douche, such as the ram. douche, arc of value General diaphoretic meas 
ures such as the hot air bath until perspiration is visible followed bv 
gradually lowered pressure douches are warmly endor ed The success 
which the spa treatratnt of gout has met seems to rest in part upon the 
severe hvgiene there imposed upon tho patients as the hydnatne values 
of the various waters seem no greater than that employed in the hos 
pitals and sanitaria 

Ohronto Articular Rheumatism — If in good condition the patient 
should bo placed m the hot air cabinet for ten to fifteen minutes after 
which the jtt douche should be applied at thirty pounds pressuri if the 
tenderness 18 not extreme The hotair water douche at 110 toll^^F, 
and tho cold douche at 80 F alternating with one another for fifteen 
and thirty second periods of application respectively until three or four 
minutes have elapsed, are utilized Another form of routine treatment 
IS as follows The patient receives a brisk rubbing while in the full 
bath of 102 to 104 F wLicb is continued ci^t to ten minutes Upon 
leaving the bath he is placed in a hot drv blanket pack, in which he 
remains ei^ht to twelve miuutes A five minute alcohol rub concludes 
the procedure Later a hot douche 103 to 104® F , may be given before 
the bath It should not be applied to the head lla«3age and a cool douche 
mav be employed after the bath 

Steam baths and wet packs may he of value Tliev should be followed 
bv low temperature applications as cold rubs or tlinc to five-minutc cold 
half baths The Scotch douche and circular compresses applied locallv 
aro moat valuable It la possible by these various procedures to improve 
the circulation of the affected parts rause absorption of effusions and 
increase tin mobility of the diseased joints. Vtrophy of the surrounding 
muscles may be combated by massage or bv the u e of a very brief cold 
shower bath to the part in quebtvon Faraditation of tho joints for a 
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'iccomp'imcs obesitj Powcrfttl stimulating measures ire cmplojed aad 
are often preceded by tlio apphcition of beat All efforts should be con 
centrated upon the attainment of a vigorous reaction Improved general 
metabolism and lessened tendenc} to acidosis are among the beneficial 
results obtnmed bv the use of water 

The hot air or clectnc light baths for five to ten minutes, next the 
circular douche, 105° F, for thirtj seconds, then continued at 90® F for 
thirty seconds, nnd then the jet nnd fan douche to the entire body, 70® F, 
for twenty seconds, ma\ be emplojed oiice everv twentv four hours Tbe 
temperature of the final water •shoiiM be gnduallv reduced until CO® F 
IS reached, and the jet douche pressure should be progrcssnch increased 
until twentv or thirtv pounds is attained Tcuraimite half baths at 
85° F with \i^,orous incclianical stimnlition while m the tub, preceded 
by wet packs, maj be used Tho picks should he (ontinued about fort; 
five minutes, aud should be, when applied, about 50® F Brief cold 
plunges and the dripping sheets accompanied bj friction maj be employed 
at home 

Exophthalmic Goiter — Applicitions of cold cither the Teiter coil or 
ice-bags, to tho thvroid gland and the prccordium «(rve to slow tbe heart 
Occa-siomllv in ice rub ina\ be needed ^\ct picks for the period of one 
hour, combined with the cold Lciter coil to flic spine and followed bi 
*1 hilf bith, 79° to 75° 1 , will omctinies alh} the tremor and 
palpitation 

Obesity — Ihe attempt of Indiotlicrnpeiitic meisurcs in treatment of 
obesitj is to increase general metabolism and thereby promote oxidation- 
In tb© presence of fdttj mvocardial changes the more severe applic*t*o®^ 
should be made with caution, or with i cold precordial coil Diaphoresis 
bj means of hot air baths, electric light biths, steam baths, full hot ^tes, 
and packs, of ten to forty minutes’ duration, should be induced 1“®'^ 
cold applications m the form of half or full biths, douches, and ru 
at between 55° F and 70° F, should be employed Frequently £m ® 
cohol mb concludes the treatment Hinsdale finds the combinvtwa o 
full hot bath and pick superior to that of hot air hath cud douches, an 
cites two hundred and sixteen cases m which this combination was usi^ 
Of these ciaes one hundred and sixty eight gained weight Together wi 
a stnet diPtary regime and hydro intervention, muscular exercises s om 
be rigidly enforced Physiologically unfamiliar exercises are tbe movf 
jneuts of choice While each ease presents peculiarities n.ece«san y 
tailing modifications m the treatment the following prescription ro 
Hinsdale may be followed as a guide A full hot bath at 104 ° 

twelve to eighteen minutes durmg the first three davs A hoi 
IS then applied for the same length of time A cool spray, about 7a » 
and an alcohol rub are the final application^ After a short rest of 
minutes long walking exercises are instituted, and massage for one 
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13 mamlj diaphoretic This is psrticuUrl^ true in the cases of inter 
stitial nephritis As a rule, the dnplioreais is more rif,orous than in acute 
nephritis Hot and cold applications are emplojcd Of the former 
one maj select the hot bath, the steam bith the hot air bath, or the 
electne-hght bith Dry heat is less effectnc than moist If there be pro 
pounced sclerotic changes m the arttnes the baths must be giien cau 
tiou 1) The application of the cold Leiter coil to the precordium mil 
quiet the heart during the period of thermic e^itation and ginrd against 
lardiac weakness Ibe clettnc light batli, m thirtj minute applications 
folloufd bv a blanket pick has giien excellent results in nephritis with 
edema 

The following measures ma\ be emploxetl in the order given The 
electric light hath for ten mumtcs followed hi a circular d luche at 
103° to 100° F at twelve to titteen pounds pressure, for thirtj to fortv 
sveonds, then the jet douche at the same temperature and pressure 
applied for thutv to fortv seconds bnall^ vigorous drj friction Baths 
at 05 to 100 F may be used in subacute cases All these bvdro 
therapeutic measures must be combined with dietetic treatment, especiallj 
restriction of fluids 

If the rigid vessels can withstand the initial stimulation caused by 
tho shock of cold applications the cold douche, the cold rub cold baths 
and the cold pack may lx* used Continuous packs at 70 F over the 
loins and abdomen, changed everv bve hours coupled with baths at the 
•ame temperature are highly recommended 

The eiTcct of hydriatnc applications is to increase the percentage of 
unnarv solids This merease mav persist for several days after the ap- 
plication The cold measures are ino«t effective in augmenting the volume 
of the urine 

JJri.mia — Hot wet packs applied for thirty minute intervals everv 
four hours and vapor baths given by covering hot bricks with wet cloths 
continued for an hour are emploved Careful eiiteroclvsis with water 
at a temperature of 110° to 120 F may be tried when all else fail« 
Eclamptic manifestations sometimes yield to the wet pack at 70° F 
applied for one hour Alcohol sweat baths are of value Tlie withdrawal 
of blood up to one liter should not be delayed It it be possible to obtain 
a strong reaction, cold m the form of half baths at 08° to 71 C F or cold 
w(t packs at 70 F are utilized 

Prostate and Urethra — Acute Gonorrhea — I-ocal thermic applica 
fions are recommended in gonorrhea The usual form employed is im 
meraion m water at a temperature of 10,» to 115 F for ten to fifteen 
minutes three or four times a day local cold measures are also endorsed 

Gonorrheal irihrths — Sec Joint Affections 

Prostatitis — Continuous irrigation as described under cvstitis pos 
sesscs special value in relieving pro tatic diseases The water used in 
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short time, ten to fifteen inimitea, enables the patient to withstand greater 
mechanical stimulation 

Muscular Rheumatism — ^The most eommoii varieties of mii'culir 
rheumatism art lumbago, plcurodjmi, and torticollis For these hot dry 
picks, uith moderate mechanical stimulation, ma\ be employed mth 
happy results Baruch recommends the use of the hot air crabinct for fire 
to fifteen minutes, followed by the pressure jet douche The pressure 
should he thirty pounds unless much tenderness he present Should the 
condition tend toward chromcity, alternating temperature apphutious 
mil prove of value 

DiBEAsrs OP Gfmtourivarv Ststui 

Bladder — CysUtti — Inflammatory processes of the hlndder may be 
treated by prolonged baths and irrigation The bath is usually gn'en at 
1 temperature o{ 100^ F , and is continued for eight hours daily 
the bath is gnen the bladder is continuously irngited Hunner rtporti 
SIX cases of bladder disease as faionbly influenced by this treatment 
■Warm sitz baths, 00* to 90* F, for tliirtv to 8i\t\ minutes, art. recom 
mended The himraock bath at 95* to 100* F applied hours duly for & 
long period of time, even months, often affords relief Ilowcicr, the 
inconvenience and the trouble involved arc hardlv repaid b\ tlio results 

I^ociumal inurcsia— Affusions at CO* T and the half bath are 
recommended Cold rubs and cold plunges at 00 8* to 04 4* F Are of 
viluo to effect restoration of the lost sphincter tone If these measures 
ire not fruitful, the short cold sitz bath miy be tried 

Kidneys — imie NtphnUs — Gentle diaphoretic measures arc indi 
cated in acute nephritis Moderate sweating can be secured bv 
of hot baths, 100° to 108* F, lasting from fifteen to thirty rainutes ® 
effect of the baths is prolonged by the use of a drj blanket pack a ter 
tho bath Moderate dnphonsis is highly desirable, as it places le«a strain 
on the heart and lessens the d inger of uremii due to sudden elinu°2^'°“ 
of a large portion of the liquid portion of the blood Such 
IS based upon the assumption that the skin mav partly assume the reui 
eicretory role This view is not entertained by many noted scicntis a, 
who claim the evcrctory function of the skin is so slight as to be prac 
eally negligible It may be that the wann baths increase the 
struction or its modification or its elimination bv the kidney and 
For the nephritis of febrile diseases, particularly that of scarlajiua 
infants and in the eitiemeU voung the warm bath, 100° to lOl 
used, for older children full tub baths at 90* to 100° F , with t s ' 
m a blanket, render best service Half traths at 73 to 77° F coni ic 
■with strong dry rubs are recommmded 

Chronic Nephritis — The treatment of chronic nephritic con ‘i 
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13 mainly diaphoretic. Ibis is particularlj true m the cases of inter 
stitial nephritis As a rule the diaphoresis is more rigorous than in acute 
nephritis Hot and cold applications aro emplojed Of the former 
one ina^ select the hot bith, the steim bith the hot air hath or the 
electnc-light bith Dn heit is less cfficbie than moist If there he pro- 
nounced sclerotic changes in tlie arteries the baths must be pji'eu can 
tioush Ihe application of the cold t-eiter coil to the precordium will 
quiet the heart during the period of tlitnnic ereitation and guard against 
cardiac weakness Ihc electnc-li^t batli, in thirtj minute applications 
followed hj a blanket pick, has given excellent results in nephritis with 
edema 

The following measures mav be emploicd in the order giien The 
electric light bath for ten minutes, followed hi a circular douche at 
102 to lOG F at twehe to fifteen pounds presaure, for thirty to forti 
seconds, then the jtt deuclie at the same temperature and pressutc 
applied for thirty to forti second« fin iHj vigorous drj friction Baths 
at Oa to lOO® F may be used in aubactite cases All these bvdro 
therapeutic measures must be combined with dietetic treatment especialh 
restriction of fluids 

If the rigid vessels can withstand the initial stimulation caused bv 
the shod of told applications the cold douche, the cold rub cold baths 
and the cold pack may be used Continuous packs at 70® F o'er the 
loins and abdomen changed e\cr' fi\o hours, coupled with baths at the 
same timperature arc highlv recommended 

The effect of bjdnatnc applications la to increase the penentage of 
unnarj sulids This increase may persist for several dm after the ap 
plication The cold measures are most effective m augmenting the volume 
of the urine 

— ^Hot "wet packs applied for thirty minute mtirvals ever' 
four hours, and vapor baths, given by rovering hot bricks with wet cloths 
continued for an hour are employed Careiul enteroi.lj«i'i with water 
at a temperature of 110° to 120® F mvy be tried when all else fails 
Eclamptic manifestations ometimes vield to the wet pick at 70 F 
applied for one hour Alcohol sweit baths arc of value The withdrawal 
of blood Up to one liter should not be delayed If it be possible to obtim 
a stron^ reaction cold in the form of half laths at 08° to 71 C F or cold 
wet packs at 70® F are utilized 

Prostate and Urethra — \euie Gonorrhea — Local thermic applici 
lions are recommended m gonorrhea The usual form emplojed is im 
mersion m water at a temperature of 105 to 115® F for ten to fifteen 
minutes three or four times a day Local cold measures nre also endorsed 

Oonoirfteal Irlhrths — See Joint Affections 

— Continuous irrigation, as described under cyitili® pos 
acsses special value lu relieving prostatic diseases The water u«ed in 
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the acute form ma) be told, tint i*?, at n tempentnre of 50° to 53 6° P 
Care must be esercised to aaoid mcrtasnig %e&icd irritation, which » 
often present Chordec nn> be greath relictcd bj the Lot dip Lath 

Salpinx uterine ovarian — imenorrhea — hiutnorrhea is usiiallr ac- 
companied b\ a relatnth <5cmt\ blood supph to the uterus Its correc- 
tion 18 usualh 'ithuicd b^ hot local application* Hot sitz baths at a 
temperature of 310° to 114° P, listing ten to ihirtj muiutp*, and the hot 
iigmal douche at 10 j° to 310° F, art the measures most often utilized 
Hot full baths ma\ he pn.!»^ed into senicc The henehts accruins from 
the emplo^-ment of theac procedures ma\ be increased ha general massage 
111 all ca es and in a feu specialJv indicated ca'cs ba the hceadmg of 
the pehic tissues Later, meisurcs to increase the sastemic tone mar 
be adopted 

Dysmenorrlita — If spasm of the uterus is found nccompanMng pain 
fill menstrintion, hot applications are efecaeious The e oi cLojcc are the 
hot sitz bath before retiring hot douche and hot compresses The Tia"e 
of temperature should be from 10S° to 115° F Raiihoim biths are 
rocomnieudod bv Baudlcr If the d\&menorrhea is due to fanltv nervous 
mechanism, general measures ajioiild bt institufwl to reistabli L the normal 
fimction 

Chronic Endomelntts — To men ise the ansciilar tone and remove 
the excess of blood a \agmnl douche at 10S° to 115° F should he tnvea 
both upon arising and ;»st prtiious to retiring One to two ond a hall 
gallons of water should be u ed to winch enough salt should ho addw 
to determine a phv siological <alme solution Etcclkut results arc Melded 
bv the Haulieim treatment if but little couuective tissue overgrowth has 
occurred Short cold sitz baths ot 85° F ma^ le trud Durin? ces 
tation however, the hvdrntnc meisiires should he employed with extreme 
caution 

Menorrhagia — Of the local applications designed to Icsaeu pro use 
menstruation, the long-<;ontinned vaginM imgition at a temperature o 
120° F produces excellent results In idditiou igcneral uid local mcas 
ures should he directed against the causal factor 

Chronic Metniis — This is nn.l\ found except ns au accompjnimen 
of endometritis Nauheim baths are rccomiuended for those forms ue 
to incomplete involution and inflammation In general, the treatmen is 
similar to that of endomttritis . 

Acute Salpingitis — The severe pelvic pam usually present 
modified coasidonblj" hv prolonged vaginal irrigation Two to t ree 
gallons of normal salt solution at 110° to 120° F should be used f 

times dailv Hot abdominal compresses are valnnble adjuncts 

pam yields not to these measures the ice-bag miy be tried ’ 
the condition become chronic, the Nauheim hath vvilf exert a dtsira e 
sedative effect upon the pelvic circulation 
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Testicle — f pididymilis and Orchib ^ — ^Tliitk compre'i cs utt in a 
siturated solution of macntsmm sulphate at 60 F renewed e\er\ half 
to one hour, lessen the pain and promote absorption of the inflammator\ 
exudate 


Diseases of Gastso ivtsistival Tevct 

Biliary hepatic — Cholehthtu’its — The chief laliic of the h^dnatie 
measures in the treatment of gallstones is the relief of the paroxysmal 
pain of the bilnry colic arm applications render the greatest ser\ice 
The hot bath pack is hij^hly retonimcndcd This is ipplied is follows 
The patient is placed in a hathtub and covered witb water at 104 F 
which IS 'radually increased to 115 F lh« entire bath has a duration 
of five to ten minutes When the bath u concluded, tbc patient is wrapped 
in a hot sheet and blankets ind allowed to remain for thirty minutes to 
anhour Then an alcohol mb or affusions at Hi F arc „ivtn Hotwitei 
raa^ be given by mouth and gastric lavage mav be cmplotcd The latter 
his proved effective in obstinate cases The trunk compress with the hot 
coil often gires relief 

Ilepalic H'jperemta — ^Dulv cold itz baths at 4i) 4 to lO F con 
tinued for five to ten minutes and cold shower bitlis combined with cold 
mov ihlo fan douches to the skin over the liver often succeed in diverting 
the blood supply to the superficial ti«»iKs The venous stagnation so 
frequently found in the liver is usuallv a manifestxtion of cardiac or 
pulmonary trouble and is relieved b\ measures directed toward the im 
provement of the hcirt and lungs 

Enteric Diseases — Convtjpaiion — Coustipitioii niisnig in tlic ih cnco 
of organic di ea«e is relited to in itomc or spistic condition of the in 
testinal musculitiire It is of highest importance to distinguish between 
these two forms as the hydrothcrapcutic management of each is radically 
different 

In the atonic form general mea ures to invigorate and tone the taultv 
muscle sliould be emplovcd In patients of good phvsique cold mav be 
applied at once as a compress or douche In the le s heroic warmth 
to the point of perspiration is required prior to the administration of 
the cold applications For atonv one mav proceed by applving the hot 
nir lath or clcctric-Iight bath until moderate diaphoresis is induced 
This IS followed by the circular douche at So" to 10.;'’ F under fifteen 
to twenty pounds pressvirc for one minute The Scotch douche "ith 
one-quirtcr inch nozzle and fifteen to twenty pound pressure, is applied 
over the colon at C0° and 112 F for fiftecn-sccond intcryal A fin 
(louche at 7 > F and twentv pounds pro sun frr ten seconds to the 
1 nek, abdomen and cho t and massage to the abdomen with particu 
lar application to the colon, end the prescription \n open air walk 
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nntjments the effects of the treatment Irrigations of cold water at 64 4® 
to 71 0° F , beginning with small amounts and later increasing to one quart 
are of value The cold rub, follo^ved by a brief cold sitz bath of not over 
fi\o minutes in duration, everts a particularly happj effect upon the en 
tone neuromuscular mechamom 

The spastic \ anety of eoatiioness requires relaxation meas-ures ^Varm 
or hot applications are more efficacious than is cold in effecting tliw 
desired relavition and sedation Warm or hot sitz baths at 104° to 
110° F for twenty minutes, hot compresses to the abdomen, bnef warm 
douches, and imgatiou of water at 104° F are the measures of choice 
CnrefulK graduated cold enemata administered upon awdcning have boon 
adiocated 

Diarrhea — If purging be duo to dietetic errors, the removal of the 
irritant imtcrnl is imperative This can be accomplished bj cold hip 
bubs, 50° to 04° F, applied from one to five minutes Irrigations an, 
also of service Should undue poristaUic activitv be the cause of the 
diarrhea, hot sitz baths at 100° F given from thirtv minutes to one hour, 
the hot coil placed over the atomach in conjunction with a wet compress, 
and half baths at 100° I arc the indicated measures The gvmptomatio 
diarrhea of catirrhal inflammaliou of the intcstino disappears when the 
hjpcrcmia, hvpcrsecretion, and hjpcrmolilitv arc reduetd to normal 
This reduction jnaj bo realized hy the intervention of moderately pro- 
longed cold measures 

One routine plan is a cold nib, followed, without drjing the skin, hi 
a aitz bath at C0° F, for ten to thirtj minutes The abdomen receive 
a strong rubbing during the sitz bath When the bath is ended an ab- 
dominal binder is put m place and replaced when quite drj Another 
prescription begins with the hotair bath until the skm is hvperennc 
Ihis IS followed bv a wet sheet rub and a simultaneous hip hath at 
70° F , and a foot bath at 110° F, for ten minutes This mav be 
dailj with gradual decrease in temperature of the hip bath to 50 
The hammock bath at 95° to 100° F often has a benign influence 

Icute Lnteniis — ^After the contents of the intestines have been 
polled, tbe severe pam and the diarrhea maj be lessened bv hot 
tions Should chromeity 'develop, the half bath at 70° F reenforce y 
the repeoted pail pour seems favorably to influence the course of ® 
disease 

icuie ippendicitis — Tbe use of cold, as a cold coil, the ice-bag 
an ice poultice, prior to operative interference lessens pain, emesis, a 
singultus Gauze should intervene between the skm and the ice to m'J’* 
raize tbe danger of gangrene , 

General Diffuse PentoniUa — The treatment here is identical wi 
that of appendicitis Should proctoclysis be adopted, it should be va 
gentle 
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Gastric Diseases — ■iiony of stomach — ^Brief cold applications en 
hanced by kneading tbe abdomen partially restore tbe lost tone and im 
prove the sluggish circulation The cold rub followed bv a short cold 
hip bath maj be used The hotair bath or narm bath to induce visible 
snoatiiig bv a jet or fan doiwdie at 00 F , applied to the abdomen for ten 
to thirty seconds, la productive of benefit 

Acute Ga-'>inc Catarrh — Hvperemcsis viclda as a rule to ice water 
or ice The abdominal binder renewed every three or four hours may be 
employed If high fever arises general heat reducing measures art 
indicated 

Chrome Gaslntia — If atony and dilatition of the stomach are as«f>- 
ciated with this disease they sliould hr combated bv the appropriate meas 
ures The gastritis is treated bv tbe half bith at 70 1 concluded bv 
the pail pour repeated several tunes Lavage often renders sturdy senate 
111 ridding the stomach of thick tenaciovis mucus General invigorating 
treatment should be instituted \ cold rub upon arising, with subse- 
quent vigorous mechanical stimulation and taereisc, is followed bv the 
jet and fan douche at 80 F This temptnturt mav be gradually low 
ered in the later applications which should occur once every twenty four 
hours This treatment Ins proved very efficient 

Qaiiropiosxs — kfter a hot bath at lOo F for five minutes, late in 
the forenoon a spinal douche at 100 to 102 F of twentv pounds prosBiiro 
IS applied for ten seconds Ihcn the patient returns to bed and the 
abdomen, particularly the cpigastnum is well covered by a liot wet flan 
nel compre s, which is heated bv an electric pad and renewed two boiirlv 
An elastic binder tightly encases all This prescription is recommended 
by Lockwood 

Dilatation of the Stomach — This morbid state is usually found in 
conjunction with atony and its treatment is practically that of atonv 
lavage of the iiite«tmes and irrigation possess special value m this 
disorder 

Aenoiw Dyspepsia — Tbe hotair lutb at ICO to 170 F for six 
minutes, succeeded by a five-mimite friction tub bath at OS F then bv 
the rain douche of twenty pounds pres ure at Ou F gradually lowered 
to 00 F and then by the spriv douche at 80 F for five seconds followed 
by mechanical stimulation has given excellent n suits iii the hands of 
Baruch The jet and fan douches, mav he used with the temperature 
daily decreased 

Cold sitz baths at 60® to 00® F lasting from three to eight minutes, 
cold sheet rubs at 53® to G4 F upon ansine and brief cold shower baths 
arc of service The malady is verv nsutant to treatment. 

Ulcer of the Stomach — To promote a g^oiater blood supply to tbe 
stomach is one of the initial remedial steps in treatment of ulcer The 
cold aitz hath at u0° to 54° I for three to five niiuutes and trunk com 
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presses coml)im-<l witli n britf appitcitioti of the hot (oil to the nWi iiifii 
honc furtlitr to mtniim the* Wood flow In luldition, the* h«t measure 
iiicmscs flic nlkahiutv of the Wood (Duxhiuin) CoM coinpre sea fotlin 
'itoiiinch art of scrMcc Jo control litmorrlin{,( one ititj plict ict "ater 
or ICO 111 the roctiim and npplj the cold stomach coil llic latter aims 
more (filciciitl^ a\htn coinhinod with the cold stomacii compnas A strict 
diet ir^ recline must lie n«< d in coujnnction with the h^driatric musiires 
\s ^mtric iikci fiiqiiciitlj occurs in chlorotics, propli\lictic (rcat 
mint dioiild Im instituted in all ciscs of chloiosis Cold gitz hitlis at 
40° to 57° 1 , for three to fi\c niinutos diiK, abdominal packs reiie\u(l 
c\crv time lioura, with a fifteen minute application of the abdominal 
coil at 104° r onoc a da\, arc the inensurcs often cinplo\ed ^ 
puck for tuentj to thirtv minutes, folloucd hy half hith at 70° I /jt 
two minutes, la of value Jhe pam w nlicvcd h\ the application of the 
ckctric pid to the opipistrium 

Si fe II 1 C Tm J CTioua Dislasi? 

Although contiol of the Inidv t< mjH nitiirc n the cardinal atm of 
h\ilrothtnpciitic nuasures m the* tnntmint of acute fehrilo 
other manifest itions of the tox«mia — the rapid heart, the Icsstnid bW 
flow, the qnickontd shallow respiration, and the emesis— arc os co^n^ 
jn then cJnims as tlic fever Ihc altcrol metabolism as indicated o\ 
tlio iiicrotsc in the nnnarv ammonia, nifrOpcn, and the docrtiso m tlic 
urea nitrogen, the lessened alkalinity of the Wood, and the alteration 
of the morpholopical clemtnts of the circnlatorv fimtis also clnira attm 
turn IlMlrntnc me isurta are able to exert a Itneficial mflucnce npin 
all these ahnonnal exjirtssjona 'Jin nppluations jn \o„mc are the p'rtia 
dilution, the hilf bath, the full bifh, the contimioiis hath, the Iminmoi. 
bath, tlio Drand hitli the wet paek, the cold riih, the trunk cornprc’’ 

lUid cold applicitions over the pncordium and to the head 

Diphtheria — Jlic wet puk chin^id at uniform mfinils with 
final application eoiitinne'd until visible perspiration appears, and ticn 
followed by a hith at 75° to 83° F, combined with vigorous alTus'oni 
Molds happy results Ico finely subdivided applied in bags to the tiroi 
often modifies the disease . 

Influenza — Hot biths ire recommended Sheet bitlis miy t* ^ 
tiial in increasing the svstcmic tone - 

Exantheraata~d/fasks_I„|i baths at 101° to 107° I , 
three to SIX mmutoa, according to the age of the child, given five or 
times diulv, have met with wonderful anccoss according to 
Dr Oros«c As the disease is developing, baths at 05° to 100 1 
frequently omploved Alaiiy mcrelv sponge with cold 

if tlicre he hyperpyrexia Brief plunges into water at 55° to C0° F ^ 
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influence the e'^treme cases PulmoDar^ complications are considered 
later 

Scarlatina — The remedial aaltie oil hydrotherapy in scarlet fe\er is 
manifest in the decreased death rate the low percentage of complications, 
and the lessened period of infecti\it> of the disease The applications 
mij bo either hot or cold ATann or tepid spmgmg is applied twice 
dull in ordinaiy ea cs The warm hath at 90 to 98° F given once in 
twenty four hours is also cffectuil m cases of moderate seventy In 
desperate casta baths at 90 F of five to ten minutes duration, repeated 
everv four hours, arc very eftcienl in alleviating the svmptums Ilan 
soni cites three characteristic f isi a in which these applications were 
of demonstrable value The hot bath at 98 to 104 F or hot air bath 
13 cmplovcd to relieve anurosis Drv packs iniy bt siibseijuently apphcil 
Although a temperature of 103 F is the indication for the application 
of cold, undue depression tachvcardis and insomnia also demand it 
Ihc Kcrley graduated cool pack iriide of Turkish toweling applied to 
the torso and kept in place until tin temperature is 103 F , js a valuable 
measure The initial temperature, is *0 F bv reductions of five 
degrees evirj five minutes so F is reached at winch figure the tern 
peraturo is kept thirty minutes Vt the expiration of that time if the 
fever is not perceptibly diminished tl»e temperature of the pack is re 
duted to 70 F or ro F Partial iblvUions at 72° to 80 F of a 
duration dependent upon the rcadimss of the reactive response may be 
employed In the early stages affusions at «0 to 70 F following five 
to ten minute full bath at 10^ F olten relieve an embvrras ed heart 
Tlic pvrcxia miy be reduced b\ graduited ablutions which arc, instituted 
with a temperature of 90 F and with oich administration reduced one 
degree un^il 75° F is reached The wet pack may 1*. cmplovcd In a 
senes of one hundred and ten ca es treated bv cool applications not one 
casn of nephritis developed Angina ind adenitis arc treated by cold 
compresses 

Syphilis — &omc incrcise in climinvtioii <>f toxic malcnals is can cd 
by tbe diaphoresis induced bv the steim cabinet bath Sweating mav be 
abo provoked bv the drv pack The c processes offer no interference 
to the cutaneous absirption of mcrciirv On the contnrv tho) seem tn 
enhance it General etimuliting incisures are cmplovcd to increase the 
svstemic vigor and off ft the gini rvl effect of the eirculiting poison Of 
the c the cold shower batli follawra^ a oiic-hour application of the vvet 
pack IS quite effective Thiv procedure however, should not extend over 
five davs The beneficial results obtained at such “pis ns "Mt Clcmcn« 
and Hot Springs dcpnnd more upon the strict mercurial trevtment ad 
mini tcrcsl than upon the chemical properties of the various witcrs used 
in bithin^ The value of fl« Inth lies in the extreme clcansin., of the 
epidermis which loads niturnllv to a more rapid and thorough absorp- 
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tion of the mercury It js claimed that the iiaters of Ait lea Bains, by 
the \irtue of their calcium eulphid content, exert, when applied exte> 
nally and mtemallj, a partial curative effect in lues 

Tetanus — The Tpplication of heit vitlds the better results, altbou^h 
cold measures have been the more employed Of the warm applications 
the hot wet pack of 100® to 110® I* and the warm bath are most effective 
Combined with antitetanic serum, they help to oppose the advance of the 
disease 

Pulmonary Tuberculosis- — Prophylactic treatment of tubtrcnlosis af 
fords a raUnble field for the practice of hydrotherapy The estabW 
ment of thorough prophylaxis la sometimes designated “hardening’ It 
should he commenced early in those suspected of a tuherenhr predisjKisi 
tion It IS instituted by gradu'illy lowering the morning bith to 8G° F 
The bath should seldom exceed ten inimites in duration, and when ended 
a cold affusion of 70® F should be given, and then brisk friction applied 
Older children ma> bo immersed m water at 80® F for one to four mm 
utes, and rubbed vigorously while in the bath Undue beat loss is avoided 
by making the application in the morning Exposure to sunlight and 
irtihcial or natural sea bathing often sene to mcrevse the general 
resistance 

When the di«ease has developed, cold sponging with ordinary tap 
water, practiced each morning, is valuable Poor circulation is a contra 
indication to this procedure The chest compress and the cross binder 
applied for long periods of time arc useful remedial adjuncts m con 
trollmg pain, faulty respiration, expectoration, and cough Tbev also 
exert a favorable influence on the course of the disease, stimuhting the 
encapsulation of infective foci and enhancing the absorption of caseous 
or necrotic tissue This is probably due to increased pulmonary Hoo 
flow 

The Cornet method of b>driatric routine may be employed The pa 
tient receives, at first, simple friction morning and night, until a strong 
reaction appears After one week of this, friction is made with ® ’ 

wet with water at a temperature of 93® F This temperature is gra 
ually decreased to 66® F in the coui^e of several treatments One- a 
hour of rest is enforced at the end of the treatment If this treatmen 
has been tolerated well, two-minute mbs in a sheet wet with 5 per 
salt solution, at 90° F, are inaugurated The brine is made more w 
each day until 60° F is reached An open air walk for one hour o 
lows the treatment Douches at 90° to 95® F may be used, except w en 
copious expectoration or increased nervous excitability is pre ent 
possible so to adapt patients to cold measures that they take done es 
of tap water at a temperature of 40 F dunng the winter, and app'*^ 
ently suffer no inconvenience Another method consists in 
ablutions at moderate temperature 95® F, and gradually reducing 
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temperature dailj, until GO° F is reached Then thf ‘iblutioa is sup- 
planted hr an effusion at 00° F which m turn pa ses through the de 
scending steps until 50° F is obtained The affusion is practiced daih 
Four basins full of water are used at each treatment 

In the presence of fever all violent measures are contra indicated 
The cool sponge hath usualh controls the fevtr but if it fails, ice rubs 
should be tried Hemorrhage is met bj ice-bags or the cold Leitei coil 
to the thorax and the thighs 

Yellow Fever — Diaphoresis b> means of the blinket pack should be 
induced In the beginning of the disease hot foot baths at 105 to 110° F 
maj be tned 

Asiatic Cholera — A cold mb m a beet complefclj or partly urung 
from vater at 45 to 50 F or a liali bath for two to five minutes at 68 
to *^0 F , often prevents the appearance of diarrhea Early enteroclysis 
uith warm water often relieves the spasm of the inte tine A cold rub 
in a sheet at 33 F , followed b} a sitz bath at 6 to 13 F for fifteen to 
thirty minutes may check purging and favorahlv influence vomiting Ice- 
cooled water applied as rubs and sitz baths is indicated when the disease 
18 verv severe 

Cholera Infantum — Cold baths are not advisable The happiest re 
suits follow the use of baths 0’S to 100 F given frequcntlv for intervals 
of five to ten minutes The addition of mustard to the bath will en 
banco the benefits accruing therctrom Care must bo taken however, to 
protect the eves from the irritation of the mustard and also from tht 
infective agent of the disease If convulsions appear or collapse or low 
temperature ensue, heat either bv tin bot bath or incubator or both com 
hin^, should be at once applied The following methods taken from 
Budin Malonej will prove of nse to combat collapse convulsion , and 
low temperature 

‘ Two methods of giving the hot bith ma> Iw followed la one, the 
infant having let ns sav » rcctsl temperature of 83 2 F la plunged 
into wittr at 100 4 F snd left thirc fifteen to twentv minutes The 
rectal tempirature is then found to rise to progres^nelv D.<°, OG 8° 
08 G , and 99 o° F The infant is then taken out of the bath and placed 
in an incubator, and the rectal temperature taken several times to find 
the duration of the action of the hot w-itcr 

In the other form of administration tlie infant is immersed siid 
dcnlj in water which has a temperature one degree higher than that of 
the bodv, 9^ F in this case The temperature of the water is then 
gentlv increased until it reaches 100 4° F while the temperature of the 
infant gradualK rises to 99 a F After twenty mimitos it is placed in 
an incubator It is found that the temperature m the latter case remains 
nearer the normal and falls slower than in the former’ 



442 


HYDROTHERAPr AND BALNEOLOGY 


Dysentery — The form of this dl^e'l‘Ie caused bj amcbic invaMon of 
the intestine 15 treated successfullj b> cold enterocljsis -with ivater at 
40° F or eren lee-cold The fluid should be administered gectlv m 
order to ob\iate pam Ice suppositories mav be tried in the bacillarv 
\arietj The careful introduction of natm saline solution into the colon 
after defecation is effectiie m controlling pain and diarrhea 

Typhoid Fever — The best results of hjdrotherapcutic management of 
enteric fever are obtained nhen the treatment is instituted at the onset 


of the disease As a rule, the cold applications are employed, and of 
these the Brand bath enjois most faior IVlnle with some authorities it 
has been parth supplanted b> less heroic measures, accumulated statis- 
tical evidence attests its efficiency It is given ns follows A portable 
tub IS placed b\ the bed and two thirds filled with water at 70° F 
ounce of wino or a spoonful of alcohol is given twentv to thirtv minutea 
before the bath, or four ounces of hot coffee may be administered ju»t be- 
fore immersion After uettjn^ the face with ice water, the patient is 


placed m the tub and the entire cutaneous surface mechanically stun 
ulated bv a sponge The initial shock and the feeling of coldness u ually 
incite desire in the patient to <ittit the bith, but m absence of svmptoms 
of collapse or marked shivering, immersion should continue for fifteen 
minutes Twice during the bath one lulf gallon of water at 50° F should 
be poured over the shoulders and head A slow pul e of smill voluine 
does not indicate withdrawal from the bath At the etpiration of fif 
teen minutes the patient is wrapped in a shoot and blivet, placed o“ 
the bed and, if his temperature eweded lOo 5° F, evaporation is I*'' 
mitted in order to increase boat loss If shivering be extreme the sUn 
is dried and he 13 returned at once to bed Artificnl hent is nndosiiablc, 
but may be needed to insure reaction, although vigorous rubbing an 
curtailing the length of the next bath are superior methods of fiirtheric2 
the reactive powers Four to six ounces of icc water are given 
to thirtv minutes after the bith, and an abdominal compress at CO > 
renewable hoiirlv, is applied The bath is repeated every three hours 
or oftener if indicated A ttmperature exceeding 103 5 F , a low taut 
tenng delirium, extrenie muscular twitching insomnia, and other mam 
festations of toxemia demand immediate bathing The total uumbej^ 
baths IS variable as manv as one hundred and seventy five have bpon 
given to one patient The wonderful results of the Brand bath arc sh(^'“ 
hv the 50 per cent xeduclion of mortality from typhoid recorded ^5 
Thompson from New York hospitals In Australia, of nineteen huu 
dred and twenty three cases so treated, onlv 7 per cent died (Hare) 

Various modifications of the Brand bath have been offered Affus^^s 
at 70 F , gradually lowered to CO F , are endorsed bv Cabot 
hammock bath at 88° F , in which the patient is kept until the tempera 
ture taken per rectum is 100° F, whereupon the bath is omitted iort^o 
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tours or until the tempenture af^ia mounts to 102 5° F seems to b 
nearlv as efRcacious as the cold bath fhe cold bath msj be abbrevnted 
from ei^ht to fi\e minutes snd employed cstrj three hours ■when s poor 
reaction results As the rccuperitive powers increase, the duration of 
the bath is prolonged to fifteen minutes The partial ablution is used 
also to test the reaction The j^tneral efftet of these modified baths is 
not equal to that of the original measure 

Vs mentioned above some medical mtn regard the cold bath as too 
severe, and have devised substitute entailing kss distress to the patient 
Ihe ice rub, which is the stron^ apphiation of a flat piece of ice to all 
of the bodj cTcept head and neck CTposin^, onl^ the part worked upon 
at a time, is wirmlj endorsed bv Hare V tall of two degrits in tem 
perature and a slowing of the bvart usuallv result from icu mbs spong 
mg with cold water is claimed to be etfettivt in cases m which the tem 
perature is not over 101 to 102 F The graduated bath beginning at 
05® F and closing at 80 F is cmploved Full warm baths at 88 F 
shortened the course of the di evse and reduced the mortalitj from 10 to 
8 5 per cent, according to Ru«s who has cmploved this mcisurt m eight 
hundred and nine cases A tcmpi'niture of 102 F requires tho tub for 
fire to ton hours until the rectal teiupcraturc is 100 F It seems hove 
over, tho substitutes fail to epial in elhcacj the Brand bath The sta 
tistics concerning these moditications ore incomplete but yot thej ludicatt 
a higher death rate than follows the use of the Brand method 

Hemorrhage is met bv re t and cold abdominal applications Ice 
maj be used with due precautions agninst gangrene 

Malaria — \ll applications should anticipate the piioavsm fur once 
the chill begins it cannot be checked Abortive treatment is efficient V 
cold douche at CO F under twenty to thirtv pounds pressure to the 
back for five minutes with a simultaneous hot foot bitli has proved a 
valuable roiitiue prescription Cold hip hatha and cold douebea have 
cured malaria of several jears standing after arsenic and quinin bad 
failed Two hundred and seventv two rcportcil cans have )ieldcd to 
hjdrotherapy alone The following prescription la effective A hotair 
bath IS given for five to ten minutes about ouo hour before the chill 
Then a douche or affnaion at 60 F is applied over the spine, spleen and 
liver from thirty seconds to a minute The douche hnuld be ii«ed at a 
pressure of from twciitj to tliirt> pounds 'Wliile the douche is applied 
a hot foot bath at 100 F should he given The u mav be prescribed 
again m one-half an hour and two applications preceding the dull arc 
usually able to prevent its ippeiraucc Should a eizure appear a wet 
pack at Co® F is useful in reducing the temperature and promoting 
elimination 

Cerebrospinal Meningitis — Cold applicitioua siidi as the ice-bag or 
liOitcr coil to tho head and bick of the neck are indicated Hot baths at 
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Dysentery — The form of this diseise tansed bj imebic inrasion of 
the intestine is trcTted successfully h\ cold entoroclysis with water at 
40° F or even ice-cold The fluid should be administered gentlv m 
order to ob\iate pain Ice suppositories may be tried in the bacillarr 
larieti The eirefnl introduction of n-irm saline solution info fiecoloD 
after defecation is effective in controlling pain and diarrhea 

Typhoid Fever — The l)c^t results of h^drothcrapentic management of 
enteric fe\ er are obtained when the trcntmLnt is instituted at fie onset 
of the disease As a rule, the cold applicitions are emplo^ed, and of 
these the Brand hath cnjo\s most favor 'Wlnle with «ome authonties it 
has been partlv bupphnted b\ Jc s heroic mcisiircs, acaimulated 'tatis- 
tital evidence atte'ta its eflicicnc\ It is giien is follows A portable 
tub IS placed b^ the bed and two-thirds filled with witer at 70° F \n 
ounce of w me or a spoonful of alcohol is given twenty to thirtv minutes 
before the bath, or four ounces of hot coffee may be ndimnistered jast be- 
fore immersion After wotting the face with icc water, the patient is 
placed m the tub and the entire cutaneous surfsco mochanicallv stun 
ulated bv a sponge The initnl shock and the feeling of coldne s usually 
incite desire in the patient to quit the bith, but m absence of svinpfonii 
of collapse or marked shneriiig, immersion should continue for ifteen 
minutes Twice during the bith oue half gallon of water at 60° F should 
be poured over the shoulders and licid A slow pulse of small volume 
does not indicate withdraw-il from the bath At the expiration of 
teen minutes the patient is wrapped in a sheet and hla^et, placed on 
the bed and, if las tempcr<iturc exceeded 103 5° F, evaporation is pff 
mitted in order to iiicrea^ heat loss If shivering be extreme the shin 
IS dried and he is returned at once to bod Artificial heat is undesirable, 
but may be needed to insure rc iction, ilthough v igorous rubbing and 
curtailing the length of the next bath are superior methods of fiirtberm'^ 
the reactive powers Four to six ounces of icc water are given 
to thirty minutes after the hath, and an abdominal compress it 60 i 
renewable hourly is applied The bath la repeated every three hours 
or oftener if indicated A temperature exceeding 102 5 F , a low mut 
termg delirium, extreme muscular twitching insomnia, and other mam 
fe«tations of toxemia demand immediate buthmg The total iiurnhor o 
baths IS variible as maiiv as one hundred and seventv five have boon 
given to one patient The wonderful results of the Brand bath aresh<^*' 
bv the 50 per cent reduction of mortality from typhoid recorded bv r 
Thompson from New YoA hospitals In Australia, of nineteen bun 
drtd and twenty three cases so treated, onlv 7 per cent died (Hare) 

Various modifications of the Brand hath h ive been offered Affusio”* 
at 70° F, gradually lowered to 60° F, are endorsed by Cabot 
hammock bath at 8S° F , in which the patient is kept until the tempers 
ture taken per rectum is 100° F, whereupon the hath is omitted for two 
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Cerebral Hemorrhage — The application of an ice-bag or cap or the 
cold Leitcr coil to the head combined with the compresses to the trunk, 
arc the customary hydrotherapentie measures in treatment of hemorrhage 
of the brain 

Cerebral Hyperemia — As this condition usualh manifests itself by 
marked sleeplessness, measures which afford relief for insomnia may be 
effective in lessening the cerebral blood supplv Douche applications to 
the spine, coupled with strong fnctioD and cold measures to the head 
and the wet pack applied from thirtv minntes to one hour are the means 
usually selected to si cure the desired < ffect 

Chorea— In ertnt of heart complications the prccordnl coil should 
be applied Pull baths at a temperature from 90® to 98® F, and not 
allowtd to fall below 80 F during the bath of one hour’s duration 
should be given once daily At the condusion of the hath the extremities 
aro gently kneaded Wet packs applied from one to one and one half hours 
in conjunction with the precordial voil exert a decided calmative effect 
The coil should bo applied intcraittentlv at thirtv minute intenaU A 
half bath at 86® F for five to ten minutes should follow the application 
of the wet packs A few treatments have effected complete cure in some 
cases 

Epilepsy — Iljdrothcrapentic mcisures excit a twofold effect m the 
treatment of epilepsy They hinder tlic progress of the disease and re- 
enforce the action of drugs Thu with the aid of hvdrotherapy conviil 
Bions may be averted or lessened in seventy by smaller doses of bromids 
and the unpleasant condition known as bromism may be avoided Half 
baths at a temperature from 80 to F lasting from eight 
to fifteen minutes and sitz baths at So F show valuable effects 
The baths may bn followed hv affusions and inten o rubbing In 
llip young and roburt baths at 75® F gradnallv lowered to PS® 
F ind of a few minutes duration are bighlv recommended by Bins 
wangcr Ilydnatic measures are ineffectual to check a seizure once it la 
firmlv established 

Headache — Headache is often caused or accompanied by cortical 
hvpcremia so the diversion of the blcxid flow from the brain and the cord 
to the superficial vessels is indicated This may be accomplished by the 
hot foot hath in water at 95 to 100 F lasting ten minutes A cold 
foot bath 4 j® to 50 F, of two minutes duration followed by strong 
friction is equally as potent Cold compresses changed hourly should bo 
applied to the head The cephalalgia so ftequentlv a svTnptom of brain 
neoplasm mav often be lessened by hot mustard foot baths and hot com 
pre ses applied to the spine. 

Hemicrama — This obstinate maladv sometimea yields to wet packs 
applied from one to one and one-half hours and followed by cold mbs The 
drip sheet is recommended Jlcabanical manipulation and friction, pre- 
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104° F for twenty to forty minutes, repeated four times dtiilv, Ics>ea 
the pain, spasm, and tenderness and may modify the disease Eirly com 
raeneement of the treatment is of prime importance In one series of 
faft^-one cases tieated by hot baths the death rate was S3 percent 
The hammock bath at 93° to 100° F may be tried The following 
routine is the method of apply ing the hot bath The patient enters a 
cushioned bath at 90° to 03° F, ulnch is then slowh raised to 104® F 
After toi enty to forty minutes have elapsed he is lifted out b) means of t 
sheet, if much pam be present, and then covered by a blanket This pro- 
cedure IS al&o applicable to the meuini^bauis of children If tenderiie«J 
be e^reme the pitieiit should always be moved bodily on a sheet 43 a 
Ksult of the bath the tcndenicss diminibhcs, the temperature falls, tie 
restlessness and spasm decrease, and the patient sleeps 

Pneumonia — Cnld applicitions are sciteted to treat pneumonia The e 
may be the ice bag, the cold Leitcr coil, the Brand bath, half bath The 
ico*bag and coil are placed on tbe chest and on the head The reduction 
of the to'vemia with strengthening of the heart’s action and of the res 
sel tone is the desired aim of the treatment The beneficial results of 
cold hydnatnc treatment arc illustrated b\ a death rate of about 3 per 
cent m the report of five hundred ca«es managed bv cold application 
Chest compresses and cross binders are valued measures Alcohol gircn 
before and after a bath often averts cardiac v\eaknc«a The treatment for 
adults IS the Brand bath, the details of which were di cussed under 
typhoid fever The chest compresses wet with icc water and rinewod 
when dry or warm, or even tverv ten to twenty minutes, are valuable 
urea The half bath at 65° to 7i° F, of five mmntes’ duration, couplff 
with vigorous rubbing and affusions at 50 F, is al^o effective The ice* 
bag should he applied over gauze to tho thori'c and base of head An 
abundance of plain water should be administered, by mouth, if posn o 
A hot mustard foot bath under blankets, to which hot water is coutmnou* v 
added, maintained for forty minutes, is valuable for the diaphoresis it m 
duces 111 the aged, adipo«e, and intemperate tho heart must be given 
careful attention 

In children the cool wet pack and sponging give evucllent re»i ^ 
Compresses from 75° to 80° F, enveloping the child from the base o 
the neck to the navel, arc alNO used 

Diseases of the Nfkvous Svstem 

Cerebral Anemia — Tins may be either a symptom of organic change 
in the brain or a manifestation of morbid processes elsewhere In ei ^ 
case the underlying disorder should be determined and should be ffli 
with the appropriate treatment The anemia may be combated by 
fuse sprinkling of the face and chest with cold water at 75° F 
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file least possible disturbance There is no means of sheltering the child 
mort efficacious than the continuous m irm bath properh given The bath 
should be a hammock hath and all neccssar} adjustments for the comijrt 
ible suspen ion of the patient in it should be made before ht is noved 
With ail gentleness, and ivith as little noise and disturbance as possible 
tlio patient should be lifted up hj means of his bed sheet without touibing 
him, should he carefully loucr* d into his bith and the Ltd sheet slu uid 
U left under him None other than those needed should be present 
the bitli should contun just enough witer to co%er him t tin 
neck 

The totio action and the pressure of the serous and of the ccllnlir 
exudate first imtate the invaded nerve tissues Most of the acute svmp 
toms result from the irritation of the motor nerve, cells in the anterior 
horn of the spinal cord If the irritation continues the nerve cells die ind 
permanent atrophv of the innsclc occurs but the first effect is to increase 
tho tonicitv of the muscles innervite*! from the implicated nerve cells so 
that involuntary and piinful twitching and spasms occur with exceed 
mg tenderness The mu cular spasm is not onh maintained and ag 
gravated it may even be cwi ed bj external stimuli Tho hot bath reduces 
mils ular spasm and provides an unchanging sheltered sedative environ 
mint in which external stimuli arc minimized Once in the hot bath the 
patient need not he moved ond Ins exquisitely sensitive nerves are spared 
tho iioaviness of bod clothes, and much of the weight of his hodv IIi« 
terror of approach his OgOnj on movement <|Vik1.1\ dimmish ond ns his 
muscles relax the troublesome retention of urine spantaneouslj disappears 
^ far as sleep peace and nlict from pain em trengthon his vitalitv 
the warm bath aids him and this aid mav suffice to deteimine a non fatal 
issue 

Insomnia — Slecplevaness is frcqumtlv associated with cerebral bvj» i 
enua but even if it depends upon other factors the wet pick for one to 
Olio and one-balf hours is an admirable mevsure Nighth sitz baths vt 
80° F , lowered two digrecs everv div until oO F is reached applied 
for three minutes, arc of value The warm bith at )0° to OS F applied 
for tliirtv nmiutcs before retiring mav prwUice sleep if tho patient after 
licing rapidh dried bo burnt d into v w inn bed Tho room must be warm 
aud there mu’t be no dcliv between emergence from the bath and cntrinci 
into led WTion insomnia is due to a relative ischemia of the foet the 
best trcitmcnt is a running c?ld foot hith for a few minutes, followed bv 
drying with a rough towel (Broadbent) V cold wet towel applied around 
the neck while a patient is m bctl mw vield sleep Seabathing often 
Ins asojionfic effect. 

Acute Myelitis — The application of the ccld coil to the spine for a 
long period of time p\es the liest results The temperature should be 
leptat54°I Whoathi acute prooc s has dwindleil half baths and the 
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ceded bj diaphoresis induced by the hot iir bath or anj general measure, 
maj bo useful 

Hysteria — The trc. itment is mamlj 8\Tiiptomntic Pam anil mereasivl 
sensitivitj j icld to long contimiod cold applications The cold compre a 
of 15° r ina> be iisid The cold jet douche uith an initial temperature 
of 80° F, gradualh decreased to 40° F, applied for one minute, la 
verj effcctnc in diminishing sensory excitability Anesthesia hsuiIIt 
yields to the same applications An lee riih is often an excellent remedy 

The cold Iciter coil to the spine nlo^t admirahU controls extravagant 
motor actuitiLs, such as cough, rtspiratorv spasm, and hiccough A 
cold water sprax of 'j0° F or a brief cold douche at the simc teraperatua 
nllns the respintora excitement, wlule the trouhksome lnccou'’h is 
arrested h\ the applicatnm of on nbdoniiiinl binder iii conjimction avith 
a hot alKlomnnl coil Coiitrictiires, if recent, often arc alleviated and 
remoacd b^ the u«c of the hot eoil or full hot baths at 104° to 110® F , 
if long established, wet paths eontiimcd for one to two lioiirs max be tried, 
^luscular itrophy is host comhitotl b\ mechanieil hiicadiiig If parah m 
exist brief cold measures are ii«licite<l to improve the errant jnnination. 
Tlie cold rub at G0° F, the cold half bath at C5° I , and cold brief 
shower hitlis should bo cmplovcd 

The following p^^^crlptlou is n«ofid in tlie treatment of li^sterii, 
particularh when assoenfed with marh(d despondonev The hotnir 
bath IS applied for five mimiUs, then the circular douche, under twenty 
hi e pounds pressure, at 85° F , and reduced gradualh to C0° F , w ^ 
ministered for thirtv seconds The spray douche at C5 F is then 
for five seconds and finally the jet douche at 50° F is applied for three 
seconds o\cr the back This treatment may need to be prolonged for 
months 

Infantile Paralysis — Tlierc exists at present neither a method to cure 
nor a means to arrest tins dread scourge Treatment, however, miT 
mitigate the svmptoms and by thus easing the patient mav conserve i'S 
strength and enhance his resistance lumbar puncture relieves the prc'? 
sure on the inflamed edematous nerve cells and may withdraw some ot > 
noxious agent the toxins circulating in the blood and lymph mav 
diluted bv saline infusions or In blood transfusions, both of these mei* 
urcs will be reenforced by warm baths 

Repeated warm biths were formerly «sc<l to induce, through sweating 
the elimination of the toxins of infantile paralvsis The periodic 
Sion and removil of the excessively tender victim entailed much suffcrin" 
Oppenheim and Wickmjin advised against this means of inducing c 
phoresis and recommended the employment of packs insteid 

the manipulations necessary to apply packs are often intolerable Ale 

some therapy in poliomyelitis max be disastrous The patient /'f, 
he handled Tlie most enlightened care is that yvhich ensures to the c i 
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sioned by trauma an ice pack or a poultice should be emploved locallv 
ilaguesium sulphate compresses at 50 F mar be used far the neuritis 
due to alcoholism ^ct packs apphtd one hour daily hasten recover\ 
after tenderness subsides An affusion at 50® to 60° F should follow 
the pack 

Occupation Neuroses — Shower baths at 45 to CO I , combiued with 
a fan douche at the same temperature applied locally yield excellent 
results The cold coil ice-poulticc and the ice-bag is continuous meis 
uris are \alnahle auxiliaries The itc*-bag and icc-poulticc should be 
witlidnwn fifteen minutes m each hour Low temperature applications 
arc aided by strong mechanical stimulition Passiro motion is highly 
edectuo 

Paralysis — Toxcmiis and intoxic itions sro re ponsihk for inanv of 
the limited palsies in these ca es the general cmiinctoncs should bo stim 
ulated Circulation to tho parahzcd parts should be increased The 
itcam bath or the hot air bull for eight to fifteen mmiifes, succeeded bv 
a cold ablution at 45 to oo F or a cold rub produces excellent re- 
sults The Scotcli douche and the wet pack at o > T for two hours are 
useful measnYca The palsies winch follow diphtheria are benefited by 
the daily use of hslf bitha at 70 to 7 > F for two to fire minutea \ig 
orous affusions should accompany these baths 

Tabes Dorsalis — Hippy re ults are often produced bv iltemating 
temperaturo applications folhwed b\ gentle rubbing The thermic range 
of these applicitions should be very slight Baths at Oo to 100 F for 
thirty minutes to one hour miy be cuiploicd For the arterial spasms 
irrcspoctive of the sue, alternsting tcmpciatiiie sua bitha and the cold 
Mil placed to the spine may be trad At n rule hoireicr the crises are 
little affected by treitmcut The following prescription from Hinsdale 
18 cffectiie in the beginning of the disca«e The hot iir hiths for eight 
to ten minutes, the eirciiUr donehe under twents pounds pressure for 
two minutes at 90 to 105° F tallowed hv the jet douche at fiftwn 
pounds at 8 j° to 100 F for one minute Then for one half minute at 
8 1° to 10.> F under fiftt en pownds pressure the S»tch douche is applu>d 
and the fin douche at &0 to > F under fifteen to twenty pounds pres 
sure for twenty seconds followed bv au aloohot mb eoucludi.3 the treat 
uitnt Diil\ the tenipcntiire should be decreased ami the pressure in 
cre-i ed until the fan douche reaches «0 F and Scotch and jtt douches 
arc dnicn by i force of twenty puinds Half baths it '*0° to 8^° F 
applied from fiic to ten minutes max be used in the late atixic stage If 
the ataxii is marked or parahsis n ptc cut circular douches at 100° to 
10v> 1 under twenty pounds pressun applied for one minute following 
^the npplicition of the hotair bitli for ten minutes, are of lalne The 
jfin douche at 10)° p (o 120 F will increa e the effect of the 
p aUiic Moderate eibathing mi\ l)c of xahie but this should be 
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hammock or cootmuo® V.11. m.5 l» omplojcd. He.t ohooia rer« k 
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Hot drv paiJvs for one hour hould follow thcbo measures Lo< al appli 
cations of hot cnjnpn-Ssea will often ameliorate the pam in Teri severe 
cases during which there should Imj do ma sage of the affected parts In 
chronic gonorrheal arthritis douches are extremely potent measure^ They 
arc best applied after a hot air cabinet bath of from five to fifteen mm 
utes duration The jet douche at twentv pounds pressure is usual!} em 
ploved as a test measure and if it is well tolerated it is continued with 
graduall} increased pre sure op to thirtv pounds In the more chronic 
cases full pre sure cold douche and mvderate manipulations arc the meas 
ures of choice K. careful watch mu t be kept for the usual cardne 
accompaniments of an scute arthritis 

Acute Articular Rheumatism — In tlio c who poses the so-called 
rheumatic tendencies propbvlactic hvdrotherapeutic mtasures may avert 
the doTclopment of the di • i i iloderitclv cold silt water baths at b5 
to DO F, with subsequent marked rubbing for ten to fifteen minutes 
often rcctifj the rheum itic predisposition In the treatment of the ac- 
tual diBca t if the pul't cxct«ds Of* and great tendemess bo pre ent, 
baths in the tub ire contra mdiuted With a piiUc at 80 tub bsfhs 
of an initiil tempfraturc of 08 F iDa> be used If endocirditis or pen 
carditis K pro ent, the bath temperature should not exceed 08 F at anv 
time The cold precordial coil applied thirtv miuutes to one hour, two or 
three times i dsv strengthens tW heart and mav prevent the occurrence 
of cardiac complications llie temperature may be rcduci J and elimma 
tion increnscd by the repested use of the wet pack Two or three arc 
given, and the last is muntainetl in place until diaphoresis occurs Then 
a bath at 95® to 100 F of five minutes duration is given In absence 
of much pam the pvrcxia mav be lowered further bv a cold rub after 
the concluding wet pack is removed An imrense lu fever aud pain 
viarrants a repetition of the complete procedure ililder cases mav bo 
treated bv sponge baths at 104 to 110 F thieo minutes with sueced 
in., friction m cold water at 00 nn«l 70 F If hvpcrpvrexia (10o° to 
lOG® r ) be present, the following routine will vicld excellent results 
The patient is placed m a bath at a tiniperature of 8.> to 95 F 
which 18 then alovily reduced to tO F The duration of the bith is 
from fifteen to thirtv minutes being concludoil when the fever drops 
to 101 F If the temperature dc«eend^ even to uq 5 ° F after 
withdrawal from the bath in the al-u.ntc of other signs no alarm need 
lie felt 

local migncaium sulphate compresses at 140® to 1()0 F if chan*^ 
euustantlv mav exert a marked amelioration after tin procedure has been 
in force twont} minutes W ater at 70 F is applieil with rubbing after 
which n. t in txd 18 required for at lea«t an hour Even during cou 
vahseence a cold rub should be given npon awakening m order to lessen 
me danger ol relapse 
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cmplojed very cautioualj Tlio liammocV bath at 100° to 10 j° F 13 01 
benefit 

Spasmodic Tic — Cold shower hiths at 40° to 55° F for one to two 
ibinutes produce the best results in this disorder In general, stimulat' 
mg measures are applied, but the treatment la un«atisfactory 

Mama — In cases of ecrchral excitement which accompanies alcohol 
isin, dementia pnceox, chorea, epilepsy, paresis, puerperal states, and 
general acute manias the hammoch bath produces excellent results The 
temperature of the hath should he between 05° to 100° F and should 
never fall below 95° F Coloring tlic top of the bathtub with a llanlct 
nr other covering prevents beat radiation and tends to heep the tem 
peiature of the water constant When the bath is continued for several 
hours reduction of the oxcittmont is produced The duration of the bath, 
if the patient gives no contra indications, js proportionate to the amount 
of excitement present "WTitn the bath is ended the patient should be 
qmcLlv covered bj a warm bhnhct and rapidlv placed in a warmed bed 
Dail} douches graduated from 100° to 75° F decrease the cerebral 
exaltation The continuous bub applied dailj from ten to twelre hours 
at a temperature from 95° to 105° T gives even superior remits to those 
obtained by the use of the hammock bath Profuse diaphoresis induced bv 
means of hot air, elcctnc light, or stenm cabinets succeeded bv a rsis 
bath of five minutes at a temperature of 95° F, decreased to 85° F, H 
of value 


Dxsbases op rnB JorwTS 

Rheumatoid Arthritis — Ilydrothcrapeutic efforts are directed toward 
the mitigation of pain, the promotion of mobility, and the improvement 
of circulation Five minute applications of the hot air bath (105° F te 
175° F ) followed bv rapid ablutions of water of an initial tcroperatum 
of 95° F, and reduced one degree each day until (>0° F is ’ 
often yield valuable results The circulir douche at a temperature above 
85° F is a u«eful auxiliary measure Additional means are the circuar 
compresses and the Scotch doudie 

Arthritis Deformans — Hot water baths are contra indicated except m 
the earliest stage of the disease Hot air baths hot sand baths, and electrie- 
light baths exert most potent effect m checking its progress It is pos 
tbie by these means to reduce the amount of inflamraaforv fluid m an 
around the joints, and to increase the range of movement of the articu •* 
tion, if extensive hyperplasia of the joints be not present The circn 
jet and Scotch douche applied for a length of time, depending upon t o 
individual case, should follow these applications of heat 

Gonorrheal Arthritis — In the aente stage the moist heat of hot ba 
and hot douches at a temperature of 100° to 105° F is mdica 
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Wliea the temperature is 106® to 110® F, a cold sheet bath ae- 
companied by strong rubbing should be continued until the temperature 
reaches 102° to 103° F During the bath the patient should hue cold 
water thrown over him and ifter the bith should be placed in bed with the 
ice-cap in position 3 ueniata gradualh iediitc<l from 00 to 1 )° t lunild 
be. giien in amounts from four to fi\c pints These mav It gi\eu until 
the axiUarj ttmperaUirc falls to 102 F 

The 0 Dwjer treatment with rtfiisions had the best results in the \ew 
York epidemic in 189G The mortalttr with this form of management 
was onlj C per cent while avith all other fonns it ranged from 11 to 
°3 ptr cent This treatment is as follows After the patient has been 
coiertd h^ a sheet and placed on a stretcher an attendant standing a few 
feet awaj from the patient hurls cold water from a dipper on him until 
the timpcraturc taken per rectum is 10 ° F As the bodj cools vigorous 
friction IS gnon 

The cold spongo bath is of valne The flower pot ice water spray maj 
be used 


BALNEOLOGY 

Introduction — Balncologv !« conccrnwl with the treatment of disease 
bv mineral waters A mineral water is water from a natural source 
winch contains mineral sub&tanccs m solution Since no natural water 
18 nli*olutel} free from minerals all waters found in nature mav Ik classid 
as mineral waters There is, therefore do sharp distinction between 
bdncologj and h^drotherapt Hvdrotherapy deals mainly with the ex 
tcrnal application of common water balncologj w ith the external and in 
Urnal application of wafers from special sources 

Tho tlicrapeutic actions inherent in special waters not by virtue of 
tho aqueous nature alone hut bj virtue of tho potencj of the dissolved 
con titucnts arc. utilized m balncologv Vt some springs onl\ drinking 
13 employed at others maiulv huhing but at most both bathing and 
drinking arc practiced \ ieh\ waters have specific curative properties 
m diabetes and gljcosnria eirthj waters in gra'cl and stone Krciiz 
iiacti IS e peeiaHv effiiieious in utirinc complaints Aiv la Chapclle, in 
svplulis Chmista liavo clil>onitcl> anahzcd the o wafers td detect the 
eliisuc propcrlv iii winch the nraodial power reside* Wcarv columns 
of statistics rcveil even the most minute traces of organic or inorganic 
solid or ga cons matter which the water contains, but cast ne> light upon 
the mode of action of the waters Springs whieh contain the most diverse 
mineral eubstanecs m the proportions which are most di similar enjov 
apparently an equal potency m the treatment of the sime diva e. I)if 
ftrent iKrsoiis with the amc distasc mav not be curable at the same 
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InTOYJCATIOMS AiD TOSEMIAS 

Alcoholism — Aculfi — Ihe relic-f of this condition obtained bv the 
u e of the Tiirki<ih hath is a matter of laj knowlcd^o A prolongpd "arm 
bath at 100° to 102° P, uith subsequent inactivity, preferably in bed, 
may be substituted for the Turkish bith 

Chrome — Saline infusion miy be given for nervous manifestation’ 
such as excitement, insomnia, and neuritis They often vield to prolong'd 
wet picks ilanv ci es respond best to hot tub bitbs, listing five to tivcntj 
minutes, at 102° to 104° F, with subsequent hot picks for ten to twenty 
minutes In absence of v iscular disci«t eold sponging may be emplo'ed. 

Chrome Arsenic Poisoning — ^hlimiuition of the offending agtut is 
the hvdrothenpeiitic urn Steim eibinet baths lasting ten to fifteen 
minutes and the hot air cabinet, for the same length of time, follmd 
bv Scotch ind jet douches or i cold run bath, arc efficient in this re pert 
et packs often exert an anilgesie effect upon the inteu e pam Boroctimes 
present in arsemeil intoxication 

Chrome Mercurialism — The use of the hot tub bath at 104 I for 
ten to thirty minutes with the succeeding use of hot dry blanket p^As 
for twenty inmutes is idvocatcd An alcohol mb is usually giveii when 
the pack is discontinued 

Chrome Morphinism — Ihc treitment of tbi« habit is similar to tbit 
outlined for chronu. alcoholism Gciienl invigorating procedures sre 
valuable 

Chrome Plumbism — LJimimtion bv all cliannels should be iiierefls«' 
The means at our disposil to accomplish this is the steam cabinet for W 
teen to twenty minutes or the hot nr cibinct bath Douches, is the 
circular or fan, should follow these diaphoretic meisures Colic niij t)e 
relieved and elimination from the intestine aided, bv entcroclvsi’ Thrc^ 
to five liters of warm water may be used, and, if expulsion ensues, msp 
be repeated in one hilf hour The hot aUominal coil has also 
of service in controlling colic Paralvtic conditions are treated by Sco c 
douches and cold fan douches 

Chrome Nicotinism — Hire the treatment may be conducted as lU 
chronic alcoholism , , 

Thermic Fever — Treatment should be instituted without delay t/o 
measures, combined with friction, arc indicated, but some relief ciu 
accomplished by simpl> hurlin^ cold water against tbe body Icc-eu 
spravs mil aftii ions, cold sheet mbs with \i^orous friction, ice-cold 
irnti, and ice-rubs iie the mcisures usuillv adopted flic ice-pack 
nicious Irrespective of the form of treatment used the patient shoul 
completely disrobed lud frequently renewed ice-pids should be place 
the neck and an ice-cap adjusted to the head 



BALKEOLOGY 


455 


main disease, conditions \\hicli ran be remedied by attention to tberapeu 
tic detail The health resort physician takes cognizance of cierv mental 
and phisical aspect of his patients His psicliotherapeutic skill is as a 
rule, far superior to that of his colleague in general practice Aided by 
tho atmosphere 'which pervades such places an atmosphere similar to 
that which Bernheim helped to create at Haney and supported bv mu 
nicipal and institutional authontv the doctor of the spa is lu the posi 
tion of a health giver whoso word is law His rule is salutary IIis 
prescriptions are edicts of health which all must obey I»o private phvsi 
Clan could impose such a regime, could practice such beneficent tyranny 
as IS welcomed at spas Spas are little more than institutions where 
hygiene, hvdrotherapv and faith healing arc practacd and often the 
greatest of these is faith healing 

Composition of Mineral Waters — Tbc mineral vraters contain either 
saline or gaseous constituents or both They are used internally and 
cxtenially Externally they are used as baths partly on account of tho 
stimulating action of their contained salts and ga cs and partly on ac- 
count of the elevated temperature vrliich they often bare 

Tho inincnl constituents of «pa waters are dcriTcd from the perco- 
lation of ram yyatcr through the soil and through various strata of tho 
earths surface On anaheis of them odium potassjum, miguesium, 
calcium iron, manganese lithium and arsenic are tho usual bases en 
countervd they are combined with hydrochloric sulphuric, carlmnic 
hjdrobromic and hvdnodic acids Silica is often present Sometimes 
tho metals occur as sulpluds Oavgen carbon dioxid nitrogen sulphur 
ated hydrogen, and other gases niav l>e present in solution 

Tho amount of gas vvliuh will dissolve in a liter of water yaries vrith 
tho nature of the gas Frc h water dissohta more, gis than salt water but 
the most important fictor m the solution of a gis is the pressure, of the 
gas The most valuable of the ^i rs in balneology la carbonic acid \t 
0® C and 7GO mm pro sim 1 liter of pure water can absorb 1 TIT 
liters of COj and the olution is saturated \t greater pressure more 
COj can be di solved the solution can be uporsituratcd The dissolved 
gas IS invisible and its stdulion is not apirkling licit or agitation or 
reduction of pressure converts tho tranquil solution of carbonic acid gas 
into a spirkliUp biibhling liquid owin„ to the throwing out of solution of 
the carlcnic acid gas In comparing the CO contents of vinous sprini^s 
It IS for practical purpo r« onh ncco svry to ascertain the degree of 
Bupersaturation Anthony, by experiment dotennincd that tbe super 
saturation was 25 per cent at Bad Nauheim H per cent at High Hock 
Baths Saratoga 33 per cent at Kayadero scras Baths Siratoga 38 per 
cent at Bad Afomburg 4 > per cent at Bid Kissmge-n 50 per cent at 
BriKkcnau and per cent at Imcoln Bilh *tiratoga At the Tincoln 
Baths, Saratoga, Uie greatest supcrsaturatioii known m balneology is to 
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spnng ArtificnlH prepared waterg of npparenth identical composition 
are admittedly less efficacious, and oven questionably useful 

To ^Int, then, docs the natural source owe its value * Recently radio- 
actl\lt^ has been demonstrated in the waters of many springs Doubt 
less such radio actn it\ is powerful to benefit , but the patient must first 
be thoroughly educated to its significance and then be convinced of its 
presence To the less credulous the waters haie properties more tan 
gible and commonplace If analysis shows a special source to be well 
aerated and to contain sodium, calcium, or other base combined witb 
hydrochloric, sulplmric, or other acid, the merit of the water is that 
inherent m water the world oicr, plus that due to its gaseous, metallic, 
or metalloid constituents The value of such constituents is their es- 


sential \ due It 19 no mysterious \ irtue Iron or arsenic everts the 
sime pharmacological effect whethor it he administered as a natural 
solution or as a pliarmaeeiitical preparation The action of allalme or 
of sulphurated waters dots not vary when it is sought in an Arcadian 
spa and when it is inxohcd in a crowded town The worth of bibeo- 
logical treatment lies not in the water and its contents. These bare a 
certain importance, but the prime factors in the cure are the pwebr 
influences which accompan\ it, the nb ence of work and woitTj b® 
change of climate and en\iroiunent which invest it with healthy inter 
est, tho regulation of sleep and diet and exercise which reenforce it, and 


the medical skill which controls all 

In spas, to every mental stimulus of a non religious nature wbrcB 
tends to health, appeal is made Tlic physician who recommends tie 
treatment begins the therapeutic suggestion by his declaration of faiti 
in the spa and his panegyric on tho cvideiioea of its curative powers 
belief in the efficacy of the spa is accepted by natives as part of their 
national inheritance, one of the virtues of their fatherland, by forei"n 
ers, as eonferniig upon them at onct a certain desirable cosmopolitani m. 
The pinnacle of faith is reached bv the spa doctor who sees in the 
a cure for everything, from fibroid tumors to supemumerarv digits A 
the spa itself everybody assembles for one purpose — to stnvo lor tea 
The social instinct among the similarly sick, the atmosphere of salutary 
competition among convalescents, the regular restful hygienic mode o 
life pursued, and the climatic conditions enyoved, cverci e a cumulative 
curative action on the overstrained, the depressed, and the weary 
tetie and hygienic regulations are more or less stringently enforced 
regime m itself is curative for the majority of the slightly aihng w 
flock to these resorts The routine flushing of the system with innocuous 
fluids eliminates the lingering toxins of vcirs In nearly all ^ 
medical skill at the disposal of the visitors is excellent — skill in hand lUj, 
the particular maladies which are speciallv catered for at the spa a 
particularly, skill in alleviating sli^t conditions superimposed upon 
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mam di«ca e conditions 'wliicli can be remedied bv attention to therapeu 
tic di-tail The health rc ort plnsician tikes cognizaiKe of evtrv mental 
and pbvsical a pect of his patient* His p3\chotlierapeutic skill is, as a 
rule, far superior to that of hia colleigne lu gcntral practice Vided bv 
tho atmo pherc vrhieh pervades m.h places, an atmo phere imilar to 
that irhich Btrnheim helped to create at jSanev, and supported bv mu 
mcipal and institutional authontv the doctor of the spa is in the posi 
tion of a health jnver who c word is law IIis rule is salutarv His 
pre«cription9 are edicts of health which all must obev Xo private pbv i 
Clan could impo«e euch a rejjime conld practice such beneficent tvrannv, 
as IS welcomed at spas Spas are little more than institutions where 
hvgienc, hydmthcrapv and faith LealiUj, are practiced, and often the 
greatest of the«e is faith healing 

Composition of Mmeral Waters — The mintral witer« contain cither 
«aline or ga«coiis con titiients or both Thev arc used intcrnallv and 
extemalh Estemallv tlicv arc n cd as bitlis parth on account of the 
stimulating action of their contained salts and ga e« and partly on ac- 
count of the elevated temperature which tluv often have 

The mineral con tituouls of pa vvatir> arc derived from the perco- 
lation of rain water through (he soil and through various strata of the 
earths surface On anahsis of them odium pota sium magnevinm 
calcium iron, manganese lithium and ardiic an the nsual bases cn 
countered tbev are enmhmcd with hvdrocbloric, sulphuric carbonic 
hvdrobromic and hvdnodit auds Silaa is often pre«tiit Sometimes 
the metals occur as sulphids Ovvgen carbon diovul nitrogen sulphur 
ated hjdrogen and other ga es niav bo pre ent in olution 

The amount of gas ulitcli will dis-ohe in a liter of water varies with 
the nature of the gas Frc h water di solves more gas thau salt water hut 
the most important factor in the oliifiou of a gas is the pre sure of the 
gas The mo t valuable of the gasts m balneologv is cirbonic acid At 
0 C and 7C0 mm pressurt 1 liter of pure water can absorb 171“’ 
liters of CO^ and the solution is saturated \t greater pres ure more 
CO can be dissolved the solution can be uperaaturated The dissolved 
gas 13 invisible and its solution is not sparkling Heat or agitation or 
reduction of pressure converts the tranquil solution of carbonic acid gas 
into a sparkling bubbling liquid owing to the throwing out of solution of 
the carbonic acid gas In comparing the CO contents of various springs 
it IS for practical purpose onlv nece an to ascertain the degree of 
supersaturation \nthonv bj erpcriment determined that the super 
saturation was 2.> per cent at Bad "Nauheim 31 per cent at High Bock 
Baths Saratoga o3 per cent at Kavadero scras Baths Saratoga 38 per 
cent at Bad Alomburg 45 per cent at Bad Ki*3ingen 50 per cent at 
Bruckenau and 5u per cent at Lincoln Batbs Saratoga At the Lincoln 
Baths Saratoga the greatest supcrsatnration known m balneologj is to 
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be found The efficienc;y of the Nanheim Bith 13 lai^el^ due to the aeljon 
of cirbonic acid gas bubbles on the skin This action can be obtained m 
unequalod degree at Saratoga Springs, Ne« Y ork 

Temperature — The temperature of the waters vanes ^reath Waters 
which issue hot, derive their heat from tliat which evists at great depths 
in the earth Indeed, it has been alleged that the hotter the spnng the 
deeper is its source Springs that have a temperature above the average 
of the locaht} in which thej occur are called thermal Thermal springs 
of a temperature between 70“ F and 98“ F are distinguished as varm 
and those above 08“ F as hoi The temperature of the waters at Aivla 
Chapelle is 167“ F , at Carlslad, 162“ F , at Bith, 120® F The follow 
mg list (Hinsdale) gives the location and distribution of the chief thermal 
springs in the United States 

Tenipersture 
Decrees F 


Lebanon Spnng Columbia Co New York ‘5 

Spring near Carlisle Perry Co Pennsylrann 

Rockbridge Baths Yirgtma 

Sweet Chalybeate Alleghany Co Virginia 


McHenry a Thermal Spring Scott Co \irbiiua 

Healing Springs Bath Co Virginia 

Warm Springs Bath Co Virginia 

Hot Springs Bath Co \ irgmia 

Berkeley Springs Morgan Co Virginia 

Sweet Springs Monroe Co West\irgimi 

New River White Sulphur Giles Co West Virginia 

Hot Springs Buncombe Co North Carolina 

Citadel Green Charleston South Carolina 

Warm Springs Meriwether Co Georgia 

Lmngston Spring Sumter Co Alabama 

Bailey s Springs Alabama 

Hot Springs, Arkansas 

Hot Springs South Dakota 

Liberty Hot Springs Colorado 

Hot Springs Canyon City Colorado 

Hot Sulphur Springs Middle Park Colorado 

Glenirood Springs Colorado 

Idaho Springs Colorado 

Las Vegas Springs hew Mevico 

Hudson Hot Springs New Mexico 

Ojo Caliente Taos Co New Menco 


a 
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At thermal baths local painful conditions, nerve or joint troubes 0 
MUtj or rheumatic origin, are treated , 

Radio activity — The radio activity of mineral u iters ari'es from 
presence of a gas known as the radium emanation This gas is 1 
from the radio active salts contained m the earth where the «pring has 1 
source The emanation 13 soluble m water but decomposes coDtinuous J 
it a known rate, and, like other gases is driven out of solution bj bouiar 



BiLNEOLOGl 457 

Uadio-actiMtj is estimated L\ meius of tlit. electroscope or, with greater 
'iccunc\ of tbc foiitactosaipe of Engltr and Sievtking The result is 
stated in Alaclio units (M U 1 but coufusioit in standardizing tlio units 
exists so the radio-actiie minis ot various springs are not easily 
judged Micarcr in his report upon the radio ictivity of Glen Springs 
states that the Nauheim Spring there contains b8 M U per liter and 
cites from i (idmm ( \pril, I'tla) the raduv^ctivitv of Hot Spnngs 
Arkansai, as vamng httuiLn 0 7 and 23 b M U of Saratoga Springs, 
1 08 and 1 04 M U and of Colorado Springs 0 21 and 10 1 AI U 
Scmblin quoted ht Ilm dale estimates tint then arc 274 II U ptr 
liter in Magnesia Sprui_ 214 AI L in Boiler Sprin^ 157 M U m Hot 
Sulphur Spring and 10 1 M L lu Swimming lool Spring at Hot 
Springs, ^ ii^iiia Padio-aetiic mincnt waters are used chiefly to ac 
cchratc inctaholisni feuccesa is said ctoi>el' to attend them m the trest 
ment of the metabolic toxemias winch can c goutx and rheumatoid states 
with accompaniments as mjo^itis nuintn and art(.no«cleposis 

Cl/ANMFlCSTIO'I 

The amounts of the xarious eonatituenta larj greatlv in different 
sources kcoording to the essential constituents of the water sources 
are classified as iiidifTcrcnt alkalmi «alim chahheate sulphurous etc 
Manx waters do not Ulong to an\ one group Thus, saline sulphur 
springs arc common, others could rightfulh bt classed in anj of scxcral 
categories Hence, this mode oi tla sificatmn does not distinctly differ 
entiate but mertU groups snmewLit similar waters conveaientlj together 
The following arc some of the most important sources 

Simple Thermal Waters — Simple Thermal Maters include waters of 
high temperature and «mall mineral (nntcut 

Inicncn — Sen list inimcriled imdtr Timptraturc (page45rj 
Oreaf Bntaiiu — Bath Luxton Matlock 

Prance — Bigucrcs de Bijorre Nens. Bagnoles do 1 Omc Plom 
lucres, Dax St Amand 

Germany and Aiistria — Bxdenweilcr Tephts Bohemia, Gastcin 
Salzlmrg Aiistrii MilJbad Murttimbcig SthUngenbad (near Mies 
hadtn) 

Italij — Eattagln Borraio Pozzuoli 
Bwilzerlaml — I>oeche-ks Bams I agatz 

Those waters arc usually soft they are not frequently used inter 
nallj, but an employed almost olely as baths 

Common Salt Waters — As rtimmon salt is of almo«t iiix an ible oc- 
currence in natural waters this dass has indefinite and arhitrarv limits 
In the witcrs which in, licrt mentioned tommin silt is the essential 
constituent 
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be found The efficiency of the Nauheim Bitb is largely due to tbe action 
of carbonic acid gas bubbles on the sLin This action can be obtained in 
unc<jualed degree at Saratoga Springs, New \ork 

Temperature — The tempenture of the waters variee greatlv Water 
which issue hot, derne their h»^t from that which etists at great depths 
in the earth Indeed, it has been alleged that the hotter the ^pnng the 
deeper is its source Springs that have a temperatun. above the average 
of the locality in which thev occur are called thermal Thermil sprags 
of a temperature between TO® F and 08“ E are distinguished as tiam 
and tho<!e above 98“ F as hoi Tlie temperature of the waters at ^lala 
Chapolle is 1G7® F , at Carlsbad, 163“ F , at Bath, 120° F The follow 
ing list (Hinsdale) gives the location and distribution of the chief thermal 
springs in the United States 

Temperature 

Decrees F 

Lebanon Spring Cotuiobia Co I»ew hork 
Spring near Carh le Perry Co PeniisyUann 
Bockbndge Baths Virginia 


Sweet Chaljbeate Alleghany Co \irf.mia 

McHenry 8 Ihermal Spring Scott Co \irginia 

Healing Springs Bath Co Virginia 

Warm Springs Bath Co Virginia 

Hot Springs Bath Co 'V irginia 

Berkeley Springs Morgan Co \irgims 

Sweet Springs Monroe Co West Virginia 

l«ew River White Sulphur Giles Co West \ ir^tnia 

Hot Springs Buncombe Co North Carolina 

Citadel Green Charleston South Carolina 

Warm Springs Meriwether Co Georgia 

Livingston Spring Sumter Co \bbama 

Bailev s Springs Alabama 

Hot Springs Arkansas 

Hot Springs South Dakota 

Liberty Hot Springs Colorado 

Hot Springs Canyon City Colorado 

Hot Sulphur Springs Middle Park Colorad’ 

Glenwood Soring# Colorado 

Idaho Springs Colorado 

Las V^as Springs New Jfcvico 

Hudson Hot Spring# New Jfexico 

Ojo Cahente Taos Co New Merico 


At thermal baths locil painful conditions, nerve or joint troubles of 
gouty or rheumatic origin, are treated , ^ 

Radio activfity — The radio “ictivitv of mineral waters ari«es ^ 
pre enco of a gas known as the radium emanation This gas is dem 
from the radio active salts contained in the earth where the spring ' 
source The emanation is soluble m water, but decomposes continuous^ 
at a known rate, and, like other gases is driven out of solution bv i»i 
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Fadio-ictiMt\ IS estimated bj intau'» of the electroscope or, with greater 
accurncj, of the fontactosiopc of Engler and Sseickmg The result is 
tated in Alache units (JI U ) but coufusion in tandardizing the units 
exi ts 80 tliL radio-actnt laluts *>1 \anons springs are not easily 
judged Shearer in bis report upon the radio activitj of Glen Springs 
states that the Ifauheun Spnn^ there contains 68 II U per liter and 
cites from PiufiMin. ( kpril 101 >) the ridio-actiMt\ of Hot Springs 
Arkansas as varving hctMten 0 7 and 21 6 M If of Saritoga Springs, 
1 OS and 1 04 M U and of Oolorido bpriii^ 0 21 and 10 4 Jf U 
Simhlm, quoted b\ Ilinsdal*' tstimatcs thit there are 274 il U per 
liter in Magnesia Spnn_ 214 M L m Boiler Spring, 157 AI U in Hot 
Sulphur Spring and 100 M L m bwimmin^ lool Spring at Hot 
Springs, \irgiiiia Kadioaetno miner il naters arc used chiefly to ac 
eekratt metabolism Succosa is said elosch to attend them in the treat 
ment of the mctalmlie tOTcmias which cause goutv and rheumatoid states 
with accompaniiucuts as miositis, omritis and artenosclcrosis 

CLaS«IHC^TION 

The amounts of tin, various constituents var\ grcatlj in different 
sources \ctording, to the essential constituents of the water sources 
are elaa ihcd ns indiffcnnt alkaline siltiu clial)biate sulphurous, etc 
llanv waters do not belong to un\ one group Thu« sdine sulpliur 
springs are common otbers could nghtfiillj be clissid m anj of several 
categories Heme this mode oi classihcatiou does not distinetlv differ 
entnte, but mcrelv groups «o]n< wlnt similar waters convenientlr together 
The following are sonic of the most important sources 

Simple Thermal Waters — biinplc Thermal 'Waters include waters of 
high temperature and small mineral content 

Imerira — See list eminu rated under Tcnip< raturi. (page 4 i6) 

Great Bntmru — Bath Pualon Alatlick 

France — Lagnens de Bigorre Ntns Bagnolcs de lOmo, Plom 
biercs Dix St Amand 

Germany and luslna — Badcnweiler Tephtz Boheain Gastein, 
balzhurg Austria AAildbid Wnrttembeip fecblangeiibad (near AVies 
badeii) 

Italy — Battaglia Bormio Pozzuoh 
Suit erhnd — I oeche-ks Bams Ka,,atz 

These waters are usuallv soft they are not frequentlj used inter 
nalh, but are tmploved almo t solelv as baths 

Common Salt Waters — \s eommui silt is of almost iiiviriabk oc- 
currence in natural waters, this class his indefiniti. and arbitrary limits 
In the waters whah art here rntnUoiicd Lommon salt is the e‘'8entisl 
constituent 
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be found Tlie efficiency of the Nauheim Bntb is 1 irgcly due to (he action 
of carbonic acid gas bubblta on the skin This action can be obtained in 
unequaled degree at Saratoga Spr in^a, New \ ork 

Temperature — 1 he tempcriturc of the waters vanes greatlj Waters 
which issue hot, derne their bent from that which eviats at gnat depths 
in the earth Indeed, it has been alleged th it the. hotter the spring the 
deeper is its source Springs that haie n temperature above the nnra'^ 
of the locality in which they occur ire cilled therviaJ Thermal spmgs 
of a tempenturc between 70** F and 98" F are distinguished as warm 
and those above 98° F is hoi The temperature of the waters at Airla 
Chapello is 1G7° F , at Carlsbid, 192° T , at Bath, 120° F The follow 
ing list (Hinsdak) gn es the location and distribution of the chief thermal 
spnnga in the United States 

Temperature 

Di.„rfCsF 

Lebanon Spring Columbia Co Few lork ‘5 


Spring near Carlisle Perrjr Co Peniisvlvani v 

Rockbridge Baths Virginia 

Sweet Chalybeate Alleghany Co \irgiQia 

ilcHeniya Thermal Spring Scott Co \irginia 

Healing Springs Bath Co Virginia 

Warm Springs Bath Co \irginia 

Hot Springs Bath Co \irginia 

Berkeley Springs llorgan Co Virginia 

Sweet Springs Monroe Co West \ irginia 

New Rner While Sulphur Giles Co West Virginia 

Hot Springs Buncombe Co North Carolina 

Citadel Green Charleston South Carolina 

Warm SprinbS Meriwether Co Georgia 


ii 

<5 

6^ 

<i4 

%% 

Ifli) 

i4 

9 

“la 


■11 

695 


,0- 90 


Livingston Spring Sumter Co Abbsma 

Bailey s Springs Alabama 

Hot Springs Arkansas 

Hot Springs Sonlb Dakota 

Liberty Hot Springs Colorado 

Hot Springs Canyon City Colorado 

Hot Sulphur Springs Middle Park Colorad » 

Gleawood Soring Colorado 

Idaho Springs Colorado 

Las Vegas Springs New Mexico 

Hudson Hot Springs New Mexico 

Ojo Cahente Taos Co New Mexico 


7^- SO 

9^ 

1(50 

110-llT 

r4 

inc 

11(1-140 

34° 

90-1°° 


At thermal baths local painful conditions, nerve or joint troubles o 
goutv or rheumatic origin, are treated 

Radioactivity — The radioactivity of mineral waters arises from 
presence of a gas known as the radium emanation This gvs is 
from the radio active salts cont lined in the earth where the spring 
source The emanation is 'soluble in water but dLCompo«cs 
at a knowTi rate and like other gases is driven out of solution by boi uv 
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Germttnt/ and tiisina,— BoclJct P^rmout Waldeck, Bruckenau, 
Pippoldsan, Elster, Sa^onv Schnalbach Petcrstbal 
Ilaiij — Santa Catarina 
Sutherland — St Moritz 

Calcareous Group — Tlic o ^ ifnrs contain "mu'! of alkaline earths cal 
cium and magnesium sulphate, and cnrhomte 

Iwienta — Cherrj ^nllo^, Jvew \ork Ilolston \irginia, Chitte- 
nango lork, Mnukcsln Wisconsin Clifton Springs kork 

Tate Epsom Tennessee , Bedford Penusvivaiiia klum Kock California 
Catoosa Georgia, etc. 

England — Bath 

France — Bagncrcs dc Bigorrc ContrexcTille k ittel 
Germany and Ausinn — Inselhid Lippspring Wildingen 
Suifzerland — ^Loechc les Bams M cissenbcrg 

Sulphur Waters — The«e waters eontaiii etilphids llanv of them also 
lont im chlonds Some of them are warm 

dmeneo. — Calistoga Springs California Santa Barbara Springs, 
California Glcnwood Springs Colorado Hot Sulphur Springs, Colo 
radn also in Utah and Arkansas 

Brtiuih IsJes — Bilhuahinch (Co Doini Irelandj Uarrogite Eng 
land (13 per 1 000 Is iCl) Llandrindod \1 ells Wales Motfnt Scotland, 
Strathpeffer Scotland 

irunce — Ancles Bams (warm) Louchon Allevard Pietrefonds, 
Amelio-les Bams (hot) St llonore-les Bams Bange St Sauveur, 
Cantercts (warm) Uriago Lmix (warm) 

Germantjand iustnn — Aiala Cliipelle Bidcn Weilbich, liassau 
Suitzerland — Baden Ecustrith ^hinznach Gumigel Lenk 
Egypt —Helouam 

Arsenical Waters— Tliese waters coiit im nrsenites or arson ites 
4m<nca — Crockett Arsenic Lithia "Springs (k irf,inia) Thompsons 
Bromino Arsenic North Carolina Harbin Hot Sulphur Springs Cali 
forma 

France — I a Bourboule Bons ang \als 

Germany and lustna — Cndowa Roncegno Linda Pausa Levico 
South Tyrol 

Italy — Cnilina Ceresole Rcale 

The Acno’i of MiiTErAi. Waters 

The effect of the ingestion of the large quantities of water which 
forms part of the routine treatment at mineral spnnp,s js tD flush out the 
stomach intestine kidne>s and other oigans The water, by its bulk, 
stimulates peristalsis and \oids m Nilution or suspension, the putre cent 
material fnim the bowels Some of the water is absorbed The bulk of 



458 


niDROTHERAPY AND B^LNEOIOGY 


Amenca — Fniit Port, Htdiigan, Grand Haven, JIiclngaE, llomt 
Clemens Mineral Springs, Spring Lake Well, Salt Spring, Virginia, 
Ocean Spring, Alabama 

Great Britain — Droitwich (bnne, 300 parts per 1,000), Worcester 
shire, Nantwich (brine), Moodhall Spa (chloro bromo lodid), Lincoln 
shire 

France — ^Bourbonne lesBains (hot), Salies de Bearn, Chitel'nivon 
(warm, gaseous) , Salins dn Jura, Ia Mouilliere (chloro bromo-mdid) , 
Salins iloutiers (warm) 

Germany and litstrta — Baden Baden (weak, 2 parts per 1,000), 
Nauheim (warm, gaseous), Hesse (near Frankfort-on Mam) , Berchtes- 
giden, upper Bavaria Oevnhaiisen, Westphalia, Homburg (cold, con 
tain also bicarbonate of iron) (near Frankfort-on Mam) , Isclil, Sah 
kammergut Austria, Reielienhall, Bavaria, Ivissingen, Bavana, Soden 
(near Frankfort-on Mam) , Kreuznach, Rhine Province, Wiesbaden 
(hot) 

Sutherland — Bex, Wildegg 

Alkaline Waters — Waters containing sodium bicarbonate Three 
subgroups (1) simple alkalnc waters, (2) alkaline and coimoon salt 
waters, (3) alkaline and sodium sulphate waters 

Amenca — Capon Springs, Virginia, GIcnwood Springs Colorado, 
Glen Summit Springs Penns^hania, Geyser Spa, California, Gettys 
burg Springs Pennsjhania Manitou Soda Spring, Colorado, Minnequa 
Springs Pennsvlvaiua Saratoga Springs, New York 
France — Vais, 1 , * Vicbv, 1 , Alher, Royat, 2 
Germany and Austria — Bilin, 1, Fachingwn, 1, Carlsbad, 3, Bo- 
hemia, Neuenahr, 1, Coblentr Franzensbad, 8, Bohemia, Ems, 2, He se 
Nassau, Marienbad, 3, Bohemia 
SuiLerland — Tarasp, 3 

Bitter Waters — These contain chiefly magnesium sulphate 
Great Bniain. — Cheltenham (chlorids also) , Leamington (chlon 3 
also) 

France — Bndes 

Germany and iuslria^ — ^Apenta Fnedrichshall, Pullna 

Spain — Ruhinat , 

Chalybeate or Iron Waters — These waters contain iron m mediciaa 


quantities n ii m 

America - — ^Rawlev Springs Rock Iron Springs, Churtb Hill Au 
Springs, and others, Virginia, Sharon Springs, Saratoga SprmS*> 
York, Pacific Congress Springs California 
England — Tunbridge Wells 
France — Forges les-Eaux, Orezzi 

Belgium — Spa 

The figures refer to the eiihgroup 
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Iron Arsenical Sulphide and Earthy Waters — 1\ atfrs contamuis 
iron and arsinic m 'sufficient amounts to be of therapeutic \aluo exert 
merely the ordinary phftnnacolog,n.al action of these substances Ihey 
are u ed mainh in anemias, iienral^as, and skm diBeises Ibe action 
of the sulphide uaters is not CMdent Ihev are said to stimulate secretion 
of bile and to have an expectorant action Then use m syphilis is greitl\ 
lauded, but where it is most exaltid nurcuri is also {,iven as a substantial 
prop to its curatnc powers bulphids in siifficieut quiiutitj are protoplas 
mu, ptusons To class the sulphide miiitral water as an alterative is to 
admit icfiiorante of the basis of its action The earthj waters those con 
tiiinns' the 'ulphatis and cirbonalts of calcium cliiefls, have probablj 
little action apart from that of the wstor Thev art. given as antacids, 
as astriii^cnts and seditives in scid dvspcpsia and in diarrhea Tlitir 
bfnijfn flushing power is umiI in hopitic and gouty conditions and in 
chronic c^8tltl3, gravel and stone 

Resultant Action of Mineral Waters — Few waters have onlv one 
content As the watirs were classed according to their predominant con 
Btitucnt, so 18 their aetiou regarded as bciiv that mainlj of this essential 
constituent, but the prcdomiuaiit constituent of any miner il water is not 
that which cceurs in groatc t quantitv hut that which is moat active 
mcdicniallv borne waters containing small quantities of arsenic exert 
more action bj virtue of their arsenic than thev do by virtue of all their 
other constituents therefore have to deal with compound actions 

some of which arc negligible and oinc of which art important Of tho 
important actions some reinforce and «omc tend to neutrslize tho^e of the 
other constituents The prici c offpct therefore of anv given mineral 
water is the result int of o manv actions thst it is difficult to presage, and 
we must mnn, or loss erapiricalh bsse our expectations of its value upon 
observations of phvsic laiis incl patients 

In addition to those miwonl fvctois the pvosence of carbonic acid gas 
also modifies the action of the waters The carbonic acid is suppo ed to 
be at once stimulating and seclstive It certainly renders waters more 
plessing to regard and more palatsblc to take The physical effects of 
the impact of gas bubbles upon the sLin arc utilized in stimulatinj, baths 

ilanv mineral 8ouri.es vitld waters at hij,h temperatures and the tem 
perature also modifies the therapeutic action 


INDICATIONS lor AM? C llOICE OF, 


Spa 


For those who have the habit ot excess m work or in pleasure a 
periodic visit to a spi is a useful pricautioii For others ‘taking the 
cure 13 an essential part of boual routine For others again, especially 
the middle agud in easy circumstanris vvho seek relief from the tedium of 
living by intensive devotion to minor ailments the spa is a refuge to 
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the circuHting fluid is iiicroascd, the greater \oluino ifFord^ endocardial 
stimulation and the circuhtor> efficiency may be enhanced The rc'iiltiDp 
increased blood pressure promotes diuresis llic yital proccs cs arc all 
quickened, tissue change increases, mucous membranes sccrite more 
freelj , and the skm glands function more aetiyeh lo dilute toying to 
dissohe them, and to promote their excretion, arc tlic mam actions of 
water 

But a feeble atnuic stomach musculature ma^ not lightly tolcnte tbc 
ingestion of largo yolumes of yyatcr, embarrassed hearts mav pireepfiblv 
fail under the added burden y\hich must bt propelled, and oyerworked 
diseased kidnejs may quickly be exliaiit,tcd bj the laborious finictiond 
octiyitj thus demanded 

Action of Salines — Ihe dialytic and irritant properties of gahnrs 
inhibit absorption of liquids, augment peristalsis, and increase the fimd 
contents of the intestines, so as to produce more or Us? free puTgatwm 
The presence of increase of salts in the blood causes a Iiyelier mtcrchaiigi. 
between the circulating blood and the fluid in the tissue spaces duirt«n 
ensues, a mild expectorant action is produced, and metabolism peiierilh 
18 inoreased 

Salines are said to increase the solubility and diffiisibilit;^ of albumins 
In food a considerable amount of salt is ciistonunh ingested How far 
the added quantities of salines, yvbicb arc absorbed during inineral water 
cures, exert an influence on mctal)oli«m, is doubtful Ihc action of tlif* 
salines vines somewbat according as (be base and the acid radical ydiich 
tlicj contain The action of the metallic el< ment need not further be dis 
cussed here The rate of difTiision of cldonds, sulphates, and lodiw 
determines yvhether they are essentially purgatiyc or diuretic Bidinh 
of large molecular yveigbt, such as sulphates, diffuse with difficulty and, 
therefore, tend to act mainly as cathartics ^Vlicrcas, yvith ndicals o 
small molecular yvcight, such as ehlonds, an iiitercliange takes pHi* 
rcidily betyyoen the bowel contents and the portal circulation so that a 
considerable proporlion of the salt maj bo ingi.-'twl rurther lUtails aa 
regards the mechanism of the action of salines belong more properh to 
the realm of pharmacologj Salt and bitter spriHoS are used m constipa 
tion, portal stagnation, chronic gastroenteritis, chronic respiratory, pelvic, 
and rheumatic conditions . 

Alkalis — Ihe alkaline yyafers increase the alkalinity of the bloo 
plasma, promote tissue changes, increase metabolism, and tend also o 
increase the alkalinity of the urine As alkalinity promotes the action 
of the saliva, bile, pancreatic, and intestinal juices alkalis enhance diges 
tion Alkalis are alleged to facilitate respiration (Voit) not ^ 
the tissues, but also in the by acting as cirbonic acid earners i 

alkaline waters are used in acid dyspepsia, «>nstipation, gal! stones gravi , 
gout, glvcosuna, and obesity 
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morbid process, but also so tone the ■weakened heart that edema, pam 
and brtathlessness disappear and then bt carcfullv regulated training the 
circulatorj s\stcm maj he further btrtngtheiied so that e\en under con 
siderable exertion the heart acts strongly, regularly and without em 
birras ment. 

In chronic diseases of *i less hopeful degree spas afford relief from the 
wtiriness and moiiotonj of prolon^jOd home treatment New surround 
mgs, new physician®, ntw theripentic measures seldom fill to relieve tlic 
depression, and tho enhance the Titalitv of chrome invalids 

There remain a fuw pas which art. merely bath houses,* but the 
modern spa is in the truest sense a health rtsort Spa thcrapv is not con 
fined to baths dicta and exerci o Drugs and ever} measure which can 
combat di«ca«t are utilized sometimes even to tlie exclusion of hydro- 
tlierapv Thus, at Clifton Springs near Rochester New Tork, the spa is 
organized under the able direction of Dr M S Woodburv into depart 
ratiits of internal medicine, nciirologv surgtrv and pathology Hydro 
tlirraps baliicoloj^, electrotbcnps physical trsming and industrial 
therapeutics arc all used there is sdjui luts to ratiouil treatment This 
excellent institution is operated under a trust deed whi h requires that 
all receipts in exec s of expen es be devoted to improving the institution 
and to the care of patients at reduced or fixe rates In other spas such as 
Hot Springs, Arkansas the Vmcrican Aix la Chipelle and Mount Clem 
ens Michigan, the main endeav r is to enhance the efficac} of drug treat 
incnt of disease In these last two institutions unrivaled facilities for the 
treatment of syphilis exist The administration of mercury by expert rub- 
bers m a careful systematic and thorough fashion insures as fir as is 
humanly possible freedom from the dread i»eiue]m of this disease and 
mitigates or removes such semptoms as mav arise The absorption and 
elimination of the mercury is aided by bathing The treatment is not 
confined to mercunal inunctions arsphenamme and other drugs aro also 
used in appropriate cases Particularly happy results are attained in the 
nenous manifestations of s'vphiiis in which the physical thonpj relie\es 
pain promotes nutrition and strengthens the musculature while the drug 
treatment attacks the es«ential cause of the malady 

All chronic diseases except i few eiich as epilepsy and tuberculosis 
whose y ictims may be undesirable associates for other sufferers are treated 
at spas Some spas, however becau e of their situation or because of the 
character of their waters are traditionally efficacious in the treatment of 
special diseases Thus at Kreuznach Woodhall and Nissingen exudates 
from chronic endometritis perimetritis and salpingitis are said to dis 
appear, even fibroids hate been alleged to melt before the sohent action 
of these waters At Mannheim and at Kheine cardiac and joint scqiielai 
rf rheumatic feyer are cured Schlangenbad is especiallv lauded for the 
relief of the neuralgia which to often follows influenza and malaria , the 
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\%hicli thc^ retire from the monotone of famih and social life, and in 
uhich hygienic, dietetic, and medical discipline provides them with an 
e'^cuse and with an opportunity for cure 

For tardj convalescence the spi is eminentlj desirable hut not always 
necessary In manv cases, as in chlorosis, change, alone, is needed Tlie 
anemic country girl visits a town and quicklj improves The anemie 
town girl returns rosy from the sea, the moor«, or the monntains The 
new regime and environment are suflScient to bring about the de«ired 
cure In other cases the chief factors of benefit in the cnange are fre h 
air and evercise for such the locality chosen should have a slight rainfall 
in order to insure the possibility of outdoor life, the temperature is Ics 
important, for appropriate clothing and exercise will maintain the hodv 
heat But the \ahie of warmth in winter, to those convalescing from 
painful ni ryous and rheumatic conditions, and of coolness m the summer 
to invalids from hot stuffy towns, is too well Lnown, to need emphasis 
But when a change la imperatno and medical care is still necessary the 
patient should be «ent to a spa Good sanitation, comfortable quarter*, 
and constant care can there be relied upon If a special climate be also 
desired, all climates are aaailable to the fortunate residents of the United 
States, and there also is a choice of many different linds of spas at the 
same latitude 

But the mam sphere of the spa is the treatment of chronic di«easos. 
In the metabolic diseases the eliminating channels are cleansed and laain 
tamed clean by the ingestion of the mineral waters and hy bathin"’ 
dietetic discipline is enforced, so auto-mtoxication ceases , physical therapy 
13 practiced which together with the radio-activity of the waters, promotes 
oxidation The control of (he bulk of the food and the regular en2ptVH>D 
of the alimentary canal enables the weak and overstretched muscles of the 
«tomach and bowel to renew their tone lla«sage for the feeble and for 
those in pain, passne movements, regulated either by masseurs or by 
the ingenious mechanical appliances of Lander , active movements, m the 
recumbent posture for the weak, -walking carefully controlled distances 
on level surfaces, or — for the stronger — up measured slopes , and finally, 
gymnastic practice swimming tennis, golf and other outdoor sports,-" 
these means strengthen feeble cardiac and yascular muscles, tone the flahbv 
voluntary muscles and promote the circulatory, digestive and menta 
processes . 

Under suitable treatment baths, mineral waters, diet and physica 
exercises, metabolism la thus quickened, obesity is reduced, deposits 
dimmish around thickened joints and in infiltrated muscles , pain, there- 
fore, IS alleviated, movement returns and wasted muscles recover 
eased kidneys are rested and their work is lightened to their power to 
function properly 

In eardioyascular diseases saeb treatment not only may arrest uie 
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tutcd by the private phjsicnn, then a home apa may be utilized in order 
to strengthen the patient for the long roUt,h jouniev, or the stormy sea 
vojage, or the rigors of the new climate and then the possibh more de 
sirable and efficacious foreign spa la attempted Thus in seiere heart 
cases a modified Nauheim treatment may first be instituted bj the 
private physician , then a home spa maa be utilized m order to strengthen 
the patient for the long rough jounica or the stormy sea vo\age, or the 
rigors of the new climate, and then the possiblv more desirable and effi 
cacious foreign spa is attempted 

Chmate of Spa — As regards the climate raw damp cold regions 
would naturally be contra indicated in acute pulmonan conditions or in 
com alescence from pneumonia High altitudes while dry and rare and 
calm, afford greater aariations of temperature and are not desirable for 
the sleepless and mentallv distres cd not should thea he visited hv severe 
heart cases, arteriosclerotics, apoplectics and those with a tendency to 
hemoptysis Then com ale^ccnts from icnte diseases also had better not 
be sent to mountainous health r< orts For all these the sea level is better, 
for the sea climate is more equable 

The Spa Itself — Tho cbcmicil compo itiou of the water is not o 
matter of great moment 5forc important arc the bathing facilities the 
provision for physientherapy and tho bousire, arrangements Unless good 
food and good accommodation arc insured the spa should be avoided 
For tho slightly ill the social life of the spa is an important therapeutic 
factor Eut the most essential point of all m the choice of a spa is a 
knowledge of the medical skill aiailable \ spa where a local physician 
is personally known to the phisician wh^ sends the case should if possible, 
bo selected Just os a physician would not readily recommend his pitiont 
to a surgeon for whom he could not personalli louch, so should he be 
chary of committing his case to the care of an unknown health report 
ph\«ician Arrangements for the patient should be made before the 
yourner is commenced so that when the inialid arrives at the spa all 
unnecessarv discomfort and delay ma\ be avoided With the patient a 
full account of his malady and its treatment should hu sent Much must 
be left to the discretion of the local physician at tho health resort, but 
the family phvsician should know whatever is proposed for the treatment 
of the patient he sonds why it is propO!>ed and what it promises Home 
spas should alwavs be retommended whenever pissible The season at 
most spas is from May 1 till September 30 Many, however, especially 
those with thermal springs, art winter resorts also 

TaPDT CoyVALlSCEXCE 

^ patient convalescing is in a state of physical and mental instability 
and has so little reserve strength that fatiguing journeys must be avoided 
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obese and the gouty are catered for at Carlsbid aud JIanenbad, tbe 
8\philitic, at Aix la Chapellt , and so forth This specialization i3 of 
great value E\erj facility which science has devi«ed for the treatment of 
the selected disease la provided at the spa The spa phisicnns hare a 
last experience of these special ailments and groit skill m their treatment, 
and the competition for health among the similarly sick at such spis is of 
considerable therapeutic \ahio Hence these spas often confer a more 
rapid, a greater, and a more permanent improicment than home treatment 
can attain 


American spas are not jet specialized as European spas At Glen 
Springs New York, particular care la given to cardiovascular disea'cs. 
The Nauheim spring is rich in calcium chlorid, and its brine is five times 
more concentrated than that of Bad Nauheim Springs at Saratoga are 
numerous and so diverse in composition that the vv iters irc cupecialH 
suited for the treatment of manj maladies, among which tress is laif 
upon digestive disorders, chronic rheumatism and sciatica The eiccllcnt 
work of Dr Charles G Anthonj m supersaturating the Nauheim baths 
with carbonic acid ^as makes than unequaled At \ irgmia Hot Springs, 
the American Aixics Buns, special stiidv is given to metabolic diveasca 
The hot hatha and the gouial climitc arc grateful in mjoviti^, ciatica, 
neuritis and rheumatoid conditions, and the radio-actuitv of the watirs 
enhances their value At these springs there is an excellent installation 
of Lander apparatus and phvsical thenpy is well organized ^Vlllte S«i 
phur Springs, one of the most luminous health re orts m the world, has 
a splendid climate, and excellent bithine, facilities '^auke«ba Sprmp 
Wisconsin, is given up to the tixatment of severe functional disorders 
of the nervous sj stem 

War has made European spas imccf^sihle at present, and the residua 
hatred among the belligerents will Jong deprive the German and Austrian 
spas of much of their cosmopolitan chxrtn In the memtime the weal 
of balneological resources which the United States po««cs5C3 is slowlj being 
realized bj Americans TJie authorities hive begun to conserve this 
wealth the patients to •ippreciate it Foreign '>paa offer no therapeutic 
facilities which cannot he eqnalh obliined, both more easily and more 


comfortablj, by Americans at home 

Unless the patient’s phvsical state warrints the stnm of a journev 
the suggestion of a spa should not he made Hav in^, determined that a spa 
IS desirable, the phjaician considers the acccssibilitv of the spi, its climate, 
its elevation above sea level, the accommod ition it provide , the natureo 
the waters, the bathing, massaging, and other therapeutic facilities, an 
above ill the quality of the medical care available These considerate®'^ 
determine his choice In weakly patients a preliminarj course of trea 
ment maj be necessary at home before any jonmej is attempted Thus, 
m severe heart cases, a modified Nauheim treatment imj fir^t be m®** 
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Cardiac Diseases — With cardiac 0*1569 careful consideration is im 
perative Wfoie a visit to a spa be attempted In severe valvular condi 
tions the patient is better at home long journeys and biilkj water treat 
ment are more liable to kill thin to cure If spa treatment be contemplated 
in such cases a prchmui'irt course of Vauheim biths (see Chrome Myo 
cardial Insufficiency) should be gnen at home The heart muscle should 
also be strengthened bj cardiac tonics such as strophantbus or digitalis 
Even when the lalmlar diseaoe or the maocardial change bo not severe 
the journey should not bo rashla undertaken and it is desirible to travel 
by short stages 

A beginning should be made with rest after the joumej Then Nan 
heim hatha of short duration and about bod> temperature should be giien 
fradually the baths may be cooled and lengthened Then the carbonic 
acid gas ma\ be added to them Iinallv the Schott everci es maj be at 
tempted Later the Oertl troatmeot regulated walking and the climb- 
ing of slopes be practiced when the heart has been strengthened 
enough to allow of its u«e 

Tho hearts most beuefited ba spa treatment are the weak fat fisbbv 
hearts of oicrindulgcnco in even thing eveept evcrcise * The dietetic and 
hygienic regime and the graduated work often act as a charm m such 
cases If the heart is weak gridiiatid eserems are verj cautiouslj in 
itiated Passne movement alone is drst attempted, nevt active move- 
ments, then resistance moiements and boath the Oertl exercises. In 
the dilated fatti heart of anemia the cause of the anemia should be the 
chief object of treatment The guiding principle should be ‘to hasten 
slovrl} Excessive work ma> damage a dilated heart so as to require 
months of treatment to remedy the indiscretion 'Very little good comes 
from the ingestion of yvater and positive barm maj accrue if the water 
he aerated 

Renal and Bladder Diseases — bineo the work of von Noorden and 
his school the popularitj of balneological treatment in kidney diseases 
bas rapidly yvaned It is now generally admitted that to fatigue the kid 
nejs bj imposing upon their already feeble energies the labor of excreting 
large quantities of fluid i** a ennr e of very doubtful therapeutic 
wisdom 

The cause of gray el lies in dietetic errors No treatment should bo 
instituted before the precise chemical composition of the unnarv deposit 
13 determined Then rational dietetic znejsiires are the best means to 
combat the tendency To render the urine alkaline bj ingestion of 
alkaline waters in bulk is to precipitate the urinary phosphates and to 
add a phospliatic layer to the calcareous nucleus already present The 

The pci indication f r Naub m t eatment is chron c myocardial insufficien y 
of the fi et a d second degree t ahonld nev r b employed In the third stage (see 
Chronic hlyocard al 1 sufficie y) — Eonw 
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All spi3 wlneli pr'ictiee heroic methods are omphaticallj contraindicated 
No “flushing’ treatment to e-diaiist the heart and to fatigue tlielidDm 
should be considered A cliango of air alone ma\ be all that is necessity 
If a spa be selected it should he one in which the treatment is gentle snd 
not fatiguing — i mild, near, warm, ‘ihcltered spa, at a low altitude If 
the patient is markedly anemic a spa witli iron waters or with iron and 
salt waters should be chosen 


SPECIAL BALNEOLOGY 


Diseases of ^he Blood — Anemia — It is essential, first, to consider 
whether tho patient bo suffering from pnmiry or sccondarv anemia la 
the primary anemia of adolescents constipation is so often a causatne fac- 
tor that good results arc frc<jucntly obtained b\ the use of the mild 
aperient waters of anv of the silino or thcnml springs Such waters 
alone may effect a cure lint before, during, and after the spa treatment 
pharmaceutical preparations of iron mi> be ediibited If a nnxod salt 
and iron spring be available the treatment may be begun there and then 
finished at another spring coiitaining more iron Often climatic change 
alone suffices to effect a cure, and no clniige is more generally u eful 
than that which is obtaimble by a sea \o^agc In tho anemia which fo' 
lows repeated losses of blood from htmorrlioids, the mildly purgatwe 
springs, which tend to reduce portal congestion, are indicated In the 
anemia due to chrome roaal conditions, groit care ts neeessan the 
ea«ed kidney s are already oa trstniiicd , the demand made upon them by the 
ingestion of a great 'loltimo of fluid may complete their undoing In the 
anemia of incipient tuberculo&is, especially that complicated by hemoptTS's, 
a warm, sheltered, low altitude spa is desirable In the anemia of svphiliSi 
sulphur springs, such as Alt la Chapellc, are recommended In afl anemias 
it is essential, first, to recognize the underlying ciiisc and then to choose 
the spa suited to the treatment of the primary disc iso 

Diseases of the Respiratory Organs — The mim rcspintory 
seeking balneological treatment are chronic bronchitis and emphveema, 
asthma, and tuberculosis Persistent tracts of exudafe after pneunionm 
aro also often subjected to spa treatment The cs'scnce of the tnatinen, 
so far as the respiratory tract is concerned, is to improie the climatic con 
ditjons Bronchitis and emphxsema arise from many causes — re«piratoOj 
renal, cardiac, vascular, etc The cardiac and a ascular, and perhaps 
renal case, may be benefited by appropriate waters The alight 
torant action of tho alkaline and saline waters may also dircctlv help 
relief of the morbid process m the lungs Tor the tuberculous patien 
rest feeding, sun and light, and fresh air baths are nectosary 
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flnsbin^ of the urinar;^ sjstcra with waters coutaiiimg small amounts of 
cafcnim carbonate and phosphate — the so-called earthy iters — is in itself 
harnile'<s and of little efhcacj ^)od results fould be obtained 

bj drinhinj, qiniititica of warm 'niter on in empt} Rtoroaeh at tome 
As the cause ot calculus lormation is usually disciie of the bladder wall, 
local medicinal treatment of proaon \aluc mint not be neglected for tie 
more ornamental hut less useful bath treatment 

Bheumatism — ^No one avould think of moving a cise of acute rbciimi 
tism to inj spa, hoive'vcr prusenorthy In the prolonged convalesceU'^ 
which follows sometimes, in cases which persistontlv relip>e slirfitls 
which coiitinno to Inac tender, painful joints, which show slight vahailir 
or myocardial changes, or which arc prouoiincodh anemic, a cbimrc to a 
spa often works woiidirs \\heu joint changes arc the main impidimcnt 
to health, when thickenmq and effusion persist, i spa should be cbosenwiti 
alkaline or sulphuntcd saline waters, a hot «pa, a spa in which Zjnder 
taeroibcs, misswre, and good bathing facilities are obtainable, so that 
absorption of the morbid products may lx: hastened When cirduc troubk 
18 the residue, then Glen Springs, Clifton, Saratoga or some other 'pb 
where cardiac troubles are especially treated, should be selected Iho 
aiicinio oa^cs should bo sent to an iron saline spring The cliiflRte of the 
spx selected should bo equable, warm, and dry 

Alimentary Disorders —It is among tbc indiscreet of habit tbe peoplf 
who wort too much and cat too JittJc, and those who eat too much firi 
work too little, that the Ixnofits of spa treatment are most pronouncea 
lu the dyspeptic, the gouty, tho “luerv,” the spas find their most gnteW 
patients The myriad of minor ailments of aJinioiitary origin, and of 
importance lu direct proportion to the ucnrotic and to the financial di^P* * 
tion of the patient, yield to the dietetic regulation of the spa Ihe purga 
tun waters clear the ch mncls of life from accumul itions of ngtR 
stipation IS not permitted the portil circulation is stimulated to aitm 
hepatic congestion disippeirs, and piles andpehic disorders are nnUg"w 
or ham bed The gouty concretions arc di'^sohed, the systtm is ilu''^ 
clem contributory dietetic errors arc rectified, and the high ^ 
gravity of the urate loaded urine is Jowired 

Much yiork rtqiiires yet to be done before we can haye a *^at 
rational basis fur the treatment of the Ic ser ailments Experiewcc 
eaperiment guide us to «<nd pifients yyitli atonic dyspepsia to ‘onrew wi 
hypertonic waters to send acid dyspeptics to tho mildl'y alkaline si lue 
spring®, and to send the obese and the gnuty to the sources of strong 
waters, such as CarKbad md Ifancnbid kfter treatment 
catharsis, prolonged rest and judicioua feeding are necessary lx t e o 
cannot he obtained then less heroic measures should he used 

After all spa treatment i rest in a bracmg climate for stieral wee 
is strongly to be advocated before recommencing the routine of life 
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PRACTICAL APPPLI CATION OF COMBINED METHODS OF 
PHYSIOTHERAPy 

H^rPY Eaton Stewaet 

DISEASES AND INJURIES OF THE NEUROMUSCULAR SYSTEM 

CsNTrAt Motop Keibov Lesions 

Birth Hemiplegia m Children — Birth injuries resulting in spistic 
paraljsis and retaHed ineutil dciclopmont arc treated he^t by prolonged 
and persistent recducational gymnastics and massage Simple arm and 
foot placing coupled with controlled moiements aimed at placing the 
finger upon the correctlv colored or numbered sfjuares, aro often used 
EYerews of balance and slow bilateial coordination ore very riluable 
Progress then to Ttrj simple grnie^ wuhin the mentd and physical power 
of the child to gra^p and perform with reasonable accuracy Eadiant 
lipht for ten minutes coupled with effleurOoe and gentle muscle kneading 
aids in keeping up the nutrition of (ho affected parts Accurate placing 
and controlled pressure with knife and fork are useful m preparing the 
child to geiNo himself at the tible 

Hemiplegia Following Cerebral Hemorrhage — From ten days to two 
weeks after the lesion has occurred or after there is rea on to believe all 
bleeding has stopped the use of throu^ and through diathermv bv the 
interpanetil route using 500 milhamperes of current of absolute steadi 
ness will greatly aid in hastening the alisorption of the clot Take fi\e 
minutes slowly to increase to maximum maintain this for twenty minutes 
and use three minutes in reilucing it slowly to zero On the affected part, 
use effleurage on the flexors petrissage and effleurage on the ertensors 
High frequeiicv surface applications, or diathermy from hand to shoulder 
and foot to hip anil aid in relaxing tlie spasticity Reediicational ever 
Cl es with slowly and carefully coordinated and controlled movemchts 
should be employed from the third wede Some \ery good results have 
been obtained with men at St Ehzabeth s Hospital at Washington and 
other places by introducing games sodi as indoor baseball and volley 
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mth slight effort, a rather Tvidc range of motion on polished or smooth 
nooden urfact (sec E-^eixises with Camatt) 

lAssnE Exeicises 

Konnal mo\enicnts of each mnn joint of the affected part should be 
carcfnlU earned out Extreme eiution ehonld be used not to overextend 
muscles or muscle groups already it a phvsiologital disadvantaj,e and 



1 10 1— Passive Extexsiov or ^nooLOEs Joint 


tending to be stretched hv their less affected phvsiological opponents as 
18 often the cise \Mtli the Tibialis anticus Those groups tending toward 
contracture should It stretcbid siveral times to their phjsiolOoical limit 
The plant ir and calf musck groups usually require this care 

Exeecisen wixn Cvrriaoe 


4»w 

Patient on chair affected side toward the table 

1 Abduction and adduction of srm 

2 Flexion and extension of elbow 

3 Abduction and adduction of the arm with movement arrested at 
different points and starting a^iin 

4 '^mall circles to the left and to the right by combined movements 
of elbow and shoulder 

j Have the patient lean forward so as to bring the arm in the same 
piano as the bodv using Urge sweeping movements from the shoulder 
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bill A surprising amount of motor ‘ictmtj is often regained and the 
patient completeh forgets biin<5clf m his interest in the game The sinu 
soidal or firadic current maj be spaniiglj employed to obtain mu cubr 
contraction and encourage the patient to voluntary muscular effort where 
active motion is impossible Assistive movements should be stres-d, 
insisting upon the conscious motor effort on tbe part of the patient, even 
though his response to such effort is almost nil 

Cerebral Degeneration — Impurod bnm nutrition due to arterio- 
sclerosis maj at the beginning be retarded and to some extent improud 
Cerebral diathermy may be used bj apphing the electrodes to the ^o^^ 
head and occiput Gentle, long-continued eerchral galvanism throu h 
water resistance has al o been successful in treating these cases ilild, 
general mas'in^c is a useful adjunct in improving general mitntion Ciie 
fully graded general exercise is valuable 

Encephalitis Lethargica — ^In the convalescent stage of this disoa p 
recovery of function maj be hastened bj massage and exercise, empKmg 
general petrissage and cfilvurage General calisthenics and carefulb 
graded mild exercises maj be used The spasticity of any muscle group 


IS treated by radiant light and high frequency 

Cord Lesions — Infantile Paralysis — After t)ic acute stage bus parsed 
and nil tenderness has disappeared from the muscles, persistent and 
loUB-continued phv siotherapv is indicated A reasonable degree of success 
has been attained through treatment by the separate use of several types 
of physiotherapy, but it has been clearly demonstrated that the poperh 
combined use of different mca^Mre8 is much more satisfactory Badunt 
light and regional diathermy are useel to warm and prepare the part fw 
massage aud exercise The pamfRu bath or whirlpool bath may be 'ub- 
btituted for radiant light Diathermy or hi^ frequency are invaluabh 
aids m inducing the deep hyperemia which improves the nutrition of the 
mu«cles Massage should ho confined laigcly to petrissage and be stimu 
lating m type, but not too long continued Care must be taken to direct 
the effort to the muscle groups The thick, fatty, fibrous layer, which so 
often overlies the muscUs, may receive the major portion of the effect o 
the massage, if superficially given Before voluntary motor responses 
are possible, tbe sinusoidal wave galvanic, or interrupted galvanic cur 
rent may be used In mnscle groups supplied by partly regenen 
neurons a fur response may be obtained by faradisin, hut the early ins i 
tution of voluntary movement is especially desirable Muscular contras 
tion by means of carefully graded exercise is, as a rule, to be preterr 
to that obtained by electricity If the age of the child permits, his active 
mental effort should accompany each passive movement, making it rea ' 
assistive m type These exercises should at first he performed, as 
as possible, in a plane at ri^it angles to gravity A small block of ' 
upon which the hand or foot is strapped, supported by cantors, will pernu , 
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IlE!>lSTr\E E\E£C(SBS 


ll»l 

1 Flexion and cxttnsjon of hu^frs resisted finger to finger by the 
operator 



Fio 2 — Ibo>aiioh am® StprsATiotf M^chixe 


2 With glove the fingers of nhich m coiintcnveip^lited extension 
with hands prone, flexion with hand supine 

0 Finger flexion mjchine 
4 Finger treadmill 

ITnsf 

1 Flexion and extension abduction and adduction resisted by operator 

2 Wrist roller machine 
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6 H'^nd prone on cimago, abdnction and adduction of the wn'f 

7 Hand with ulnar side on carnage, flexion and extension of imst 

Leg 

1 Patient supine, heel on carnage, abduction and adduction of the 
leg 

2 Patient on unaffected side, unaffected leg flexed, internal mal 
leolus on carriage, flexion and extension of knee 

3 Position same — flexion and extension of bip 

s 5 Ffee Exebcises 

u 

Arm 

Patient hing supine on broad tabic or floor, exorcises bilateral to 
iinproae coordination *^tarting position, bands to the side 

1 Bring bauds on hips and return 

2 Raise forearms to \ertical and return 

3 Can^ arms to complete abduction and return 

4 Raise arms fore upward, carr% to above brad and return 
6 Cam arms across bod^ and rolum 

6 Bring bands sliarplv to shoulder and return 

7 Carr> arms to full abduction, bring bonds to oxilli by flesm" 
elbows, extend clbous and adduct nrms 

8 Supinate and pronate tbc forearm 

Leg 

Patient on unaffected side 

1 Flex and extend ankle 

2 Flex and extend knee 

3 Flex and extend bip 
Patient prone 

Abduction and adduction of leg with knee scmiflexed, nitfltc hip 
inward and outward 


Back and Htp Exlen^iors 


1 Patient sitting hands on Lips incline trunk forward and rai^ 
to vertical Progression secured ba increasing the degree of forws 
luelmation of the trunk and by placing bauds behind the neck or over 


head . 

2 Patient prone on table, feet strapped, raise backward and low 
Hands behind nock or extended over head increase the difficulty of t 


exercise 



NTUROMUSCLLAI SISTEIT 


4T7 


Ie sununanziiig the treatment of Infantile Paralysis the following 
points should be kept in mind Man> bpinal motor neurons not entirely 
dtstrojed mav be stimulated to function \cnra after the acute attack 
Work on injured tissue ot this t>pc is i delicate task which should not 
be entrusted to the uiitnined The dan^^cr of overfatiguiiig these weak 
ened stnictures is constant Eterci e as nearly as pissible active in 
tjpe is better than electrically induemg contractions and both types 
should neier be combined at one treatment Two or three movements 
of each t\pc are sufficient at iirat, tnd the increase in amount should be 
icn graduil indeed 


pEniPHFPii. Nei is Lesions 

Muscle Nerve Testing — Reaetions of iierit uid mu«clc become greath 
altered in their response to electric il stimuhtion when anv pathological 
condition is present Electncnl testiiie supplies us with most of our 
data for diagnosis m none conditions and is a mo«t important process, 
giving inforraition that cannot be ^ained m an\ other way The technic 
of nerve and niu«de testing should bt thcronglilv understood and con 
sidcrsble practice is necessary bclorc one becomes proficient 

Iho faraclio and interntpt<d gaKanu, currents in turn are used in 
tc tin^ both the muscle and the n« tm. that supplies the miiseh The nor 
mal muscle responds to faradism 1>% tetanus, ns the intcmiptions to this 
current arc so continuous in chiracter that the musck do€8 not ha\o a 
chsnco to relax betweeu stimnh Wlicn the motor ner\cs ore affected b\ 
disease or trauma they lose their normal re pnise to faradic current in 
fact, undir certain conditions this current has no power to evoke sny 
response whatever The response to galvanic current however is a twitch 
produced when the current is made or th< circuit is closed and a slighter 
twitch when the circuit is broken greatest at the cathode Such are the 
normal reactions of nerve and mubcle to these <iirrent« 

The changes in response to clectnial stimulation which follow trauma 
by cutting cm hing or pinching or mflvmmatorv processes of the motor 
peripheral nerve or its sheath arc termed reaction of degeneration This 
reaction of degeneration or B D is charactenaed bv 

1 Lo s of faradic evcitabilitv 

2 The following changes m the respon es to interrupted galvanism 
a Respon e is slugg.ish and wavelike in character 

b Tlie motor point is lost 

c Ihe polaritc response is imerttd that is instead of the muscle 
twitch being greatest at the cathode when the circuit is closed 
or made it is eqnallv gieat or greater at the anode chang 
lUj, the normal formula KCC > ACC to RCC = \CC or 
ACC > RCC 
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Elbow 

1 Promtiou iiid <^iipinntion, flcMou nnd extension resisted by tie 
opontor 

2 Prointion -ind snpinntion imclniie 

3 Flexion nnd extension of elbow witli ptille% weight raacliine 



Fie 3 — ReSISTITE ExEBCISES FOK pEVELOPilEXT 01 Leo Sttop 


Shoulder 

1 Operator behind patient, resisting abduction and adduction of tbe 

arm 

2 \niis raised forward, operator resisting and carrying of anns 
sideward and forward 

Leg 

1 Operator grasps dorsum of the foot with one hand nnd heel wdb 
the other and resists flexion and extension of the ankle 

2 Gra'sp with one hand above the knee and the other around the oo , 
resist flexion and extension of the knee and hip 

3 With grasp of the ankle resist abduction and adduction of the 'P 

\ 
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In umnnrizin„ tht tmtmeiit of Infjnhie Panl)8is the folloTOng 
points should be kept in mind Alan^ spinal motor neurons not entireh 
destroyed ma> be stimulated to function 'veirs after the acute attack 
Work on injured tissue of this tvpe is a delicate task which should not 
be entrusted to the untrained The dani^r of oierfatiguiug these weak 
ened structures is constant Excrci e ns nearly as possible active m 
ti’pe IS better thin elcctricalh inducing contractions, and both ti'pes 
should neier be combined at one treatment Two or three movements 
of cacli t\pe are sufficient at hrst, and the increase m amount should be 
\er\ gridunl indeed 

PEriPiirrAL h«Er\E Lesions 

Muscle Nerve Testing — Reactions of none md muscle become greatlv 
altered m their response to el ctncal stimulation when bbn pathological 
cundition is pro eut Electnesl testing supplies ns with mo's! of our 
data for diagnosis in nerve conditions and is a most important prnces 
tjiving information that cinnot be gamed in any other wav The technic 
of nerve and muscle testing hould be tboroiiglilv understood and con 
siderable practice is necessary before one becomes proficient 

The faradio and interrupted galvanic currents m turn aro used m 
te ting both the muscle and the noivo that supplies the muscle The nor 
mal muscle responds to faradisro bv tetanus, as the interruptions to this 
current are d continuous in character that the muscle docs not have i 
chance to relax between stimuli I\hon the motor nerves are affected bv 
disease or trauma they lose their normal response to faradte current in 
fact, under certain conditions this ciirreut has no power to evoke anv 
response whatever The response to ^.alv ante current however is a twitch 
produced when the current is made or the circuit is closed and a slighter 
twitch when the circuit is broken greatest at the cathode Such arc the 
normal reactions of nerve and muscle to these current* 

The changes in respm e to electrical stimiilition which follow trauma 
bv cutting, crushing or pinching or mfl immatorv processes of the motor 
peripheral nerve nr its «heith are termed reictnn of degeneration This 
reaction of degeneration or R D is charactenzed bv 

1 Loss of faradic excitability 

2 The following cliaiiges in the respon es to interrupted galvanism 
a Ptsponsc is sluggish ami i» ivelike in character 

h The motor point is lost 

c The polaritv response is inverted thit is instead of the muscle 
twitch Icmg greatest at the cathode, when the circuit is ebsed 
or made it is 0 (|uaUy gieat or greater at the anode chang 
iiig the normal formula L.CC > VCC to KCC = ACC or 
ACC > IvCC 
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Tlic«e clnnges begin m a mn«cle, the ncnc snpph of ivliich is inter 
fered with from eight di^s to three ^vechs after the injiirj or disease bs 
occurred, and become progressnth greater in dtgrec. In the norma! 
muscle the chroin^ie or contnction time is ser\ brief and the muscle 
will respond to a stimnhtion of l/->400 of a «econd at 100 volts Pfo'to- 
sivelv longer and greater stimuli are required if degeneration progresses 
until, with one Instiu^, 1/200 of n ccoiid, it imv not be possibk to obtain 
a contraction The rooetion of degeneration is a sign of inirkcd value to 
us in that It mu indicite the locntioii of the lesion, and stage of its 



Fig 4 — Measirj>q the STBE'vr’m or the Moscles Coverting Elbow Extetsiov is 
\ r<wE%rjf \mputntio\ Case. 


development R D is never pwsent in a cintral motor neuron les'O^ 
Wlien there Ins been n contusion or cutlmg injurv to some, but not i 
of the fibera, or ther have been subjected to a mild amotint of 
a condition knowai as pirtial rciction of degeneration niav occur 
condition is characterized bv weakened re ponses to fandi m a **0 
response to galvanism a dulling of tlu motor point and a diminiitiou i 
the normal differeneis of jiolir re ponse In the stage of rcgriuntiou, 
voluntarv motion often preetdes the rttimi of firadic cxcitabihtv ^ 
gradual change to normal takes place during « period of months 
surgical indications for nene suture neuroma or den t cicatricial escisi ^ 
or freeing a nerve caught m ealluT must be followed if phjsiotherap^ ' 
to be effective m shortemuj, the disabilitj time 



NEUROMUSCULATl SYSTEM 


479 


Apparatus and Technic — The miiSLJf should fir^t bo tested with 
faradism, using a large indifferent and a small active electrode, care being 
taken not to use an amount of current which will ‘ splash through to 
neighboring unaffected muscles The corrtopondiug muscles on the nor 
mal lirab or on the operator ma\ he used for control The test with in 
termpted galvanism is most sJtista<tor\ when done bv means of the 
muscle testing condenser This la a modiheition of the Lewis Jones 
apparatus consisting of a aeries of galvanic condensers, of ascending 
microfarad capacity ecjuipped with an interrupter ou the machine The 
current is delivered it a strength ot about 100 volts wbicli is aufRcient 
to overcome the resistance of the properlv moistened skin A scale var^ 
mg from 01 to 2 microfarads la available on this michme 

Some preliminary warming of the part is desirable before testing 
Radiant light and heat or the whirlpool or parafiin bath maj be used 
for this purpose Diathermv, while aiding distinctlv m the nutrition 
of the part and the regeneration of the nerve and muscle, will quite badly 
mask the results of muscle teating hence it should be used after and 
not before such tests arc to be made Uub the use of the condenser, 
the normal side also is taken as a control The active, testing electrode 
should be not over one-half inch m dninctcr and for the interossei and 
finer muscles must bo even smaller It is attached to the negative pole 
and applied as nearly as possible to the motor point One condenser 
after another is turned on and the point noted at which a good response 
in mustle or tendon is elicited \ convenient chart for recording results 
of the teat, as used by Captain A B Hirsh at Walter Reed Hospital 
IS appended Occasionalh in large masi>OH of sear tissue the motor point 
inaj be displaced, but it is easilv located with the condenser It was found 
at Walter Reed Hospital that the test made with the condenser checked 
up well with conditions found at operation hlusclcs which respond some- 
what to faradism will usually recovcT withva six weeks but a guarded 
prognosis should be made in TCp,ard to ultimate recovery 


Fabvdic Galvamo 
LP LP 

Unsculocatansoas 
Peroneus Longug 

Uoscles Extending Tarsus and Flexing Digits 


Tibialis Poaticus 

Oastrocnemius inner head 
Gastrocnemius outer head 
Tibialia poaticus 
Plexor longua hallucis 
Flexor longua digitorum 
Flexor brevis digitorum 
Interossei 


Ward 
rested by 
Recorded by 
Diagnosis 
Department No 
Remarks 


Date 
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Fir4i»o Oar* MO 

£ P LK 


Muscles Acting oa Homenu 
SuperascapulaT 
Su^pra pinotus 
Infraspinatus 

itu culocutantous 

Cirtumflex 
Deltoid 
Tetts minor 

Muscles AcUag on Toreatm 
'\[uaculo< utnneoua 
Biceps 

iluscolospiral 

Supinator longua 
Triceps 

Muscles Gausiag Ptonation 

Median 

Pronetof teres 
I ronotoi quidratus 
Muscles Causing Flnien 
l^lcdian 

i lexOT carpi tadialis 
Palmaris longus 
Flexor subhmis di(,itonim 
Flexor lougus pollicis 
Abductor polhois 
Ulnar 

Flexor carpi ulnans 
Flexor profundus digitorum 
ITypothenar croup 
Flexor breris pollicis (median) 
Adductor polhcia 


Moscles Cauauig Ezteastoa 
Muaculoxpmal 

I stensor carpi radialia lo*! or 
Extensor carpi radialis brcricr 
Extensor ossi« mehcarpi puUwia 
Extensor longux pollicis 
Fxtensor comraunis diRiti'ruin 
1 xtciisor carpi ulnarw 
Muscles Acting Between Fingers 
Linar 

IlltCTO SCI 

{2 Outer 3 fedian) 

Muscles Acting on Femur 

Obturator 

Adductor longus 
Adductor magnus (sciatu) 
Gracilis 

Superior Gluteal 

Tenxor Toginx! fetnotis 
Muscles Acting os Tibu 
Anterior Crurol 
Vastus internus 
Vastus extemua 
Sciatic 
Biceps 

Scmitendinosus 
Seminimbrono us 

Muscles rieang Tarsus and 
Extending Digits 

\nterior Tibial 

Tibiahj auticus 
Extensor longiis digitorura 
FstPD®or proprius hailucia 


Electrical Diagnosis at Operation — Craua *11111 lugham u«fd c/«frifs 
testing during operations at the Capo 'May nnd Fox Hills Annv Hosptt® s 
to identify nnd diterminc the condition of expo'^ed nenes Tin- 
was ptcled up on 1 oiiricd glass rod *1114 tested i\ith only sufficient stren^ 
to produce a miinnium mu cle contraction Tests were made 
below tht leiion Information of gKat xurgical importioce maj n*’ 
tamed in this manner 

Treattnent of Peripheral Nenro Injuries — Great care zmi i 
(jsed not to overstimulate regenerating nervis Our efforts slioui 
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directed to mamtoinin^ as far as possible tbe nutrition and tone of 
muscles wboeo none supph Las been mtirfereJ ^iitli Pidniit light 
and beat and gentle massage arc useful m tbis rcspiet Treatment bv 
means of dntbermj which as bctoie tated, interferes with muscle test 
ing IS a most \ iluible part ot the n^imt It is now believed that a 
good deal of the atroph\ whieh ensms in muscles whose iiene supph 
is Bubnormal is due not to inaetiMtv but to oierictiiitj caused by a 
fibrillation of the indiiidnal musele fibers In seicnl cases of severe 
peripheral neuritis due to boriben this hbrillition wis coarso enough to 
bo seen The effect of the high fre<iuenc> currents, particularh the 



Fio 5 — Afpujltus roR Dcgbee of Retort i Joitt Fotction 


d \rsoaval m producinc edatnii and arte tui^, fibrillation is marked 
It IS perhaps as much through this effect as that of lo il vasodilatation 
that diathermy lias proved so useful in these londitions The electrical 
stimulation of contraction has often bceu overdone and a cartfullv grad<d 
tcelmie such ns that used bv Sampson and described in the ection on 
biuusoidal Currents is all that should lie used Overstimulation will 
defeat the aim of carlv regeneration and tlelav recovery 

Passive motion shiuid he maintained in all the joints moved bv the 
affected muscles and protective braces art es ential to prevent contrac 
tures Progress to assi tivc and active evcrcises ns returning enervation 
permits Carcfuilv prescribed oceupatioinl therspv should be used com 
cident with physiotherapy as soon as some active motion and stren-wh are 
secured ” 
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FaRADIC GaH AVIC 

LF L R 


Moscles Acting on Enmenia 
Superascapular 
Suspraspinatus 
Infraspinatus 

JIusculoeutaneous 

Circumfle'c 
Deltoid 
Teres minor 

Moscles Acting on Foreann 

Musculocutaneous 

Biceps 

Jluseulospiral 

Supinator longus 
Triceps 

Muscles Causing Frouation 
Median 

Pronator teres 
Pronator quadratus 
Muscles Causing Flexion 
Median 

1; lexer carpi radiaUs 
Palmaris longus 
Flexor sublimis digitorum 
Flexor longus pollicis 
Abductor poliicis 
Ulnar 

Flexor carpi ulnaria 
Flexor profundus digitorum 
Hypotlienar group 
Flexor brevis pollicis (median) 
Adductor pollicis 


Muscles Causing Extension 
Musculospinal 

Extensor carpi radialis Ion lor 
Extensor carpi radialis brevior 
Extensor ossis metacarpi pillicu 
Extensor longus pollicis 
Extensor communis digitorum 
Extensor carpi ulnaris 
Muscles Acting Between Fin^eis 
ITInar 

Iiiferossci 

(2 Outer Median) 

Muscles Acting on Femur 

Obturator 

Adductor longus 
Adductor magnus (sciatic) 
Gracilis 

Superior Gluteal 

Tenoor vagina femoris 
Muscles Acting on Tibia 
Anterior Crural 
Vastus internus 
Vastus extemus 
Sciatic 
Biceps 

Semitendmosus 

Semimembranosus 

Muscles Flexing Tarsus and 
Extendmg Digits 

Anterior Tibial 

Tibialis anticus 
Extensor longus digitorum 
Extensor proprius ballucis 


Electrical Diagnosis at Operation — Crau'i and Inf,liam u fd electrics 
testing during operations at the Cape Max and Fox Hills Army Hospita 
to identifx and determine the condition of exposed nerves The 
was picked tip on a curved gla«s rod and tested with onlv sufficient 
to produce a minimum muscle contraction Tests \sere made 
below the lesion Information of great surgical importance mav 
tamed in this manner 

Treatment of Peripheral Nerve Injuries — Great circ lUUst ^ 
cised not to overstimulate regenerating nerves Our efforts shou 
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hoiiM be placed along the affectod side of (be lowir ccmcal vertebrse, 
the other ma> be a cuff abo\e the elbow or the autocondensation handle 
held in the hand depending npon whether or not the pain radiates below 
the elbow The electrode for Morton wa%e is applied along the upper 
border of the trapezius muscles to include the exit of the circumflex nerve. 
Static brii h and «parhs inav be used freely over the entire painful area 
Sciatic NeuiiUs — The technic of the electrode appUcatvon for loniza 
tioii or positive galvanism is desCTibcd under ionization The radiant 
li^ht should be applied from the sacrum to below the knee A long narrow 
electrode extending from the sciatic notch to the popliteal space is used 
for the Morton wave ipplicition while sparks are spplied throughout 
the origin and course ot the sciatic nerve There is a steady progression 
in the vigor of the treatment from the subacute through the chronic stage 
Chronic ci«ea are often temporanlv rendered acute after which ihev 
clear up more readilv and the pitical should bo so informed 

Neurasthenia — The number oi diagnoses of pure neurasthenu is d( 
treising Some organic basis for the symptom-complex termed “neiiras 
thenia is now usuallv found and jet whatever the cau«G there arc 
certain tonic treatments of a phvsical tvpc which will m most cases hasten 
recover! Those cases associated with low blood pressure arg treated bv 
static charge spinal vibr ition mmasinglv vigorous massage and general 
exercises There has been described a splanchnic tjpe in which due to 
poor vasomotor tone of the spUnchnw veins the sjstolio blood pressure 
18 higher in a horizontal than in a sitting or standing position These 
CKCs seem to bo louefited bj the tvpc of treatment just given and an 
improvement in their general condition is eoincident with a return to 
normal in the blood pressure variations in the different positions of the 
bodv 

In cases complicated bv anemia and sluggish intestinal action, general 
progressive body raving with the ultraviolet li^ht and special abdominal 
massage and exercises with Morton wave current over the liver are 
indic ited 

The tome type of hvdiotherapv eapeciallv short cabinet bath followed 
by Scotch douche with increasing variation of hot and cold is very useful 

It IS justitiable to employ the psvchical effect of the electrical modali 
ties, when carefully chosen as well as for definite physical effect 

Toxic Myositis — In the acute stage relief is obtained bv prolonged 
local heat, radiant light of high candle-power or superheated dry air 
followed by direct diatliermy or surface Iiigh frequency static efiluve or 
mild static sparks and Morton wave with massage consisting of petrissage 
and gentle deep kneading 

In Ibi chronic stagt diathermy dioulil lx, pu«bed to tolerance I-ong 
heavy sparks and Morton wave or the long stroke motor vibrator should 
folhw diathermy A surging sinusoidal current may be to some extent 
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Neuroma — The \varm 'nhirlpool or paraffin hath, diathennv, snd 
occasionally, positive galvanism, are useful in allajing pam The cure 
of it IS distinctly a surgical problem 

Neuralgia — Prolonged intense radiant light and heat, diathermy 
localized over the affected nerve and static effluve will often relieve thu 
condition All treatments should be long continued and gentle in tvpe 
Volkmanns Contracture ^ — Good results were obtained in many ol 
our army cases by the persistent use of physiotherapy Radiant Jijrfit 
and heat or the vvhirlpool batli, as liot ns could be home, were used for 
about ttu minutes followed by xone or through and through diathermy 
i he massage should consist of cffleiirac,c, li^ht Ineadiug and passive Inov^ 
monts The fingers should ho straightened with the wrist fleted and hell 
in this position while the attempt is made to extend the wrist 

Acute Neuritis — In cither the toxn. or triunntic tvpe of acute neuritis, 
a good general technic is as follows Kadiant light and heat, 1,500 candle- 
power for twenty minutes Direct or zone diathermy 1,000 to 1500 
millnraperea for twenty minutes followed by fen minutes of static effluve 
If fender points are found, the diathcrmv and static brush dioiild he 
localized as nearly as possible over them Special care should be taken 
in going over the spinal nerve roots which supply the affected area to 
elicit tenderness 

Snow u«es static Morton wave, starting with a short, easily tolerated 
spark gap which is widened as further tolerance is developed Id wy 
hands this procedure has occasionally been very successful but often 
has increased the seventy of the pain 

Another technic, employing ionization with sodium salicylate, has been 
described m the section on that modality 

Frank B Granger, of Boston, his attained good reauJfs witli a 
bination of prolonged ionization or positive galvanism, together with 
tion to numbness of tbe affected spinal nerve roots In this technic t c 
solid rubber ball vibrvtode is applied to the intervertebral spaces on ^ 
affected side, at least one minute over each nervo root If too s o 
a vibration is given, the tendency is to stimulate instead of to num ® 
pain 

Static sparks may be used to relav associated mu*>ele spasm but a 
more valuable in chronic neuritis . . 

Chronic Neimitis — Prelimmarv heat and diathermy should be o 
lowed by static Morton wave and «parks, after which slow deep effl^vagv 
along the nerve trunk for severd minutes should he given. 
sinusoidal current may be used freely to relieve the spasticity of neig 
mg muscles Ionization and positive galvanism are not as efficit® i 
chronic as in acute neuritis , t , 

Brachial Neuritis — ^Hadiant light and beat should be applied to 
nerve roots as well as to the shoulder and arm One diathermy electro 
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DISEASES AND INJURIES OP THE BONES AND JOINTS 

Fractures — The treatment ot fnctnres Ins liccn nicnfioneil as one of 
the exceptional conditions m which the nwal urgioal pioccdnres ire 
modified 'when plij 8iotl)erap\ is applied This is> in reference to the 
retention of fixation apparatus The be t results arc ohtaincd when open 
fixition or bivalred cists, A\hich mav be cirly reinoxcd niJ replaced ire 
used There is al\\a\s triuinx tii the iurroiindin„ soft pirts to which the 
application of phvsiothcrap> n hi>,hh desirable wliih tin coiitiniied 
TOohilizition of surrounding jmwts is aw esentiil feiture of go il fric 
ture work Ilie actnil liealm^ tinu it the fn^eiiti tliein ekes ini\ lie 
reduced fiilh one-third In ci es of dcli'cel union la ting mam months, 
callus Ins been, for the hrst tune thrown out attcr the use of phvsio 
therapj Complications aiith is o teemitlitii may uiinlli bo effectivch 
tnated Far better results follow a n^uno of proopiritive ph>sio- 
therapi after extensile injnrv to soft tusue whcic an open operation 
18 neee sititcj John f MoixhcaJ of New Fork cmplamts the use of 
massage the day following reduction and pusnc motion instituted is oon 
as possible after the thirf day 

Simple fractures — Eodiant li,^hl ind hoit is an nid to nutrition ind 
to tlie relief of pun and dii\ be stirted immcdiateh witli gentle 
ofSetin-,! Ihcac two m» istins hive View cxtrcmelv usiful ■where pun 
and nuisflo spism rendered rcdintion difficult \ir\ sliort tatic sparks 
and effluve may bo emphxcd for the lamc purpo e As onn is all ton 
dencx to capillary oormg hii ciand a throivh and through scdituc 
diatliennj technic should be used This consists in gnin^ ibout 500 
milliainpcrea for forte minutes daiK Zone diathcrim thuiifsh i ti-,hth 
fitting and undivided cast miv induce incrcaidl swelhn^ and semptoms 
of prs'siure It ma\ be used above and below a splint or loose cast but 
the direct method is to be preferred where possible Stitic effline is 
Useful m relieving both pun and swflluie With the frignienti firmlv 
supported gentle pamve motion of the joints iIkuc and hclow tho frac 
ture fihould bo started earlv md continued until active motion is possible 
\s Boou as callus union » obtvincd miro vigorous mi «agc including 
deep pctrisaige and friction ehonld ho used Vctive motion is one of tlie 
most valuable nu nuns and mint he started it tho earliest po-iiible mo 
ment Distil j lints should he activclv exercised from the tart Colonel 
Dean m hii work with the Bnti h Amn demonstrited the gnit value 
of active exerci e Should joint adhc ions form the u e of the pitients 
bodv weight inav often he emploved to stretch them instend of depending 
upon the mimnl pissivc rxcrciie The. breikiug up of adhesions bv vio 
lent passive motion under an anesthetic is almost never nccessirv or 
advisable 
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substituted for statu. Jln'ssnge includes tipotcraont, deep fnctinn and 
kncidiiig the object of thesrf. procedures bcin^ to relax the muscle spasm 
and nicclniucalB rciiio'o the accumulated toxins Fffort is made to in 
stitutc 1 j^citl} incria«rd ictue li>pLremii aiul then force the excess 
circulation out of tlit ninsclc'*, hnnfjing about a complete change of ciruila 
tion and depicting the toxins ind dctnhis 

Traumatic Acute Myositis — ^Ihc^o injuries irc t\iufied h\ the «raash 
111 " innsele hrni«os rcccncd b;y foothill pli\era ind the nmnrkable effi 
cieiic\ of cirh mid piiaiskiit ph^siotlicnpv has been demonstrated in 
1 scr\ hrge luimhcr of cises 

1 he t)efilmcn( of wiiW tnjuriet witlimit imith feiriiij, of muscle fiKrs, 
should be begun it once or XMthm i few hours Fifteen hundred cindlc- 
power ridiiiit liolit, pinfRn hith, stciiii towels, siipcrhcTtcd dr> air or 
hot water mi\ ho used fi>x exttnnl lu it, mentioned in order of prcfir 
dices Direct tlirougli ind through dntlicmu, Ij'iOO to 2,000 inilh 
impcrcs for tiftecu immiks, should ho followed bs Jlorton wa\e tatic 
spirks oi gcntlo slow, sum oidil contrictioiis of the invoked mu'cles 
It 19 of tilt gre itc't iiuportiiice to remove the exiidutt. from the musdts 
Ixfoio it Ins h id iii opportimitj to or^iiiize 

Trcitmcnt of scierc bnitses which arc assoentod with tears of tbo 
muscle fill 18 bhould b» postponed i few hours, until all copilhry bleed 
iiig Ins cf ibtd llic "Morton wivc or spirks slionld bt given verv ginth, 
it it ill on the hrst div ilns i^e should he directed the tirst tlav 
toward tloiring out the Ivmphatics proximal to (ho lc»ion and not ovir 
the torn mu'clc fibers The second ind third treatments should It quite 


V igorous m rcgird to these measures 

Torn Muscle Insertions — Tlust injuries follow sudden violent cxer 
tions, such as those used b> the sprinter The muscles must be conipletek 
rclixed m extension btforo the ipphcatiou of phvsiothenpv hxtem’ 
heat, direct or inodihcd dnlhemiv, bv the combined use of autocondensv 
tioii cushion ind suriacc nonTicntiin electrode maj be applied Static 
efilnve is v ihnble in relieving piiii and geiitiv depleting the ti sue nui ^ 
No other t\pe oi static or eontrvctile current of uuv kind should 
until the muscle 'ittuchnicnt is again secure Gentle, loug-eontmiied cffluie 


will relax spasm, alleviate pam and remove lymphatic stasis 

Tenosynovitis — This condition is most coinmoiilv found m ^ 

Achillea’ tendon hut sometimes elsewhere Acute cases requite abso « f 
rest and superficial heat, of the kinds mentioned Powerful radiant ig* 
or paraffin hath are best, oi static cfllme and tm^ spirks, foUowc ' 
finger tip effleiingc m i> be used In chronic case's, the local heat s on 
ho intensified and longer spaiks or vibrition mav he wstd to free, adhesions 
between tendon and sheatli and to break up and absorb anv orein>2‘ 
e xud ite that mav be present Further massage consists of frictions an 


effluve 
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DISEASES AND INJURIES OP THE BONES AND JOINTS 

Fractures — Tho trcitnipnt • t ti iPhires Iim lit< n nipntionctl ns one of 
the excrptioml condition'^ in whuh the iisiiil mr^icil procedures arc 
modihed when phjsiothcnji) applied This is in nfercnce to the 
retention of fixation, apparatus Ihc Kst results tre ohtained when open 
fixation or bnalvcd casts which ma> In. eul\ removed and replaced arc 
used Jhere is alwajs tniinia tv tht snnnuudiu'' soft parts to which the 
application of phvsiotheripv is hi-,hlv d< irvblo wlnli the continued 
mobilization of surroiindini? joints is in es eutnl Ititiire of pond frie 
tiire work The actual healiii^ time <t thi tiapiiients themselves raiv he 
reduced fiilh one-third In cist iit di laved umon lastinp iinnv months, 
callus has been for the first tune tlirown out after fht Use of phvsio- 
therapv Coruplicationa such is i tumvelitis ma^ usvnllj b< cffcctivelv 
treated Far better results follow a upimc ot prcvprnitivc phj«io 
therapy, after extensive injurv f 'ft ti sues wlwrc an open operation 
is necessitated John J Monbc-id otNewTork emphasizes tho uso of 
massage tho dav follow mg reduction and passive motion in titutod as soon 
as possible after tho third day 

Simpie Fradufvs — Padnnt l^hl and heat is an aid to nutrition and 
to thr nhef of pain and mvv he started umnidiateh vvitli e,intle 
efflenrage Theec two raeiwrcs have Ikhii extrenieh usiful where pain 
ond mu spasm rendered redwtioii difhcult ^ erv liort statu apirk« 
and tffiuve mav be eniploved t »r the aame purpose As soon as all ten 
dency to eapilhry oozmc has eeiscd i thnuali and throut,h sedstive 
diathermy technic should Im. us<d This eonaists in giving about 500 
miUiampcrts for fotlv mvnwt«»4 dale 7yuo dvvthetmv tluvugh a tightlv 
fatting and undiviled cast mav andnet mcrciw.d swelling and symptoms 
of pressure It mav be used abort and below a splint or loosi cast hut 
the direct method is to be. preferred when pu^sible Static iffluve is 
useful in relieving Imth pain and svycllinij With the fripmciita firmlv 
supported gentlo pa sue motion of the joints above and hcinw tho fnc 
ture should bo start'd early and continued until active motion is possible 

As soon as callus union is ohtamed more viL,oroii3 missigi includinp 
deep petnssige and friction, build bo used Active motion is one of the 
mo«t valuable measures and mu t be started at the earliest possible mo- 
ment Distil joints should be ortirclv exerei ed fnm the atirt Cilontl 
Dean in his work with the Hntiab Armv dpraon«tratcd the gr< it raluo 
of active exerci e Should joant adhesions form the use of the naticrits 
hodv weight mav often be eniploved to stretch them instc ul < f depending 
upon the manual passive cxcrei e The bnaktnf, up of adhesions bv vio- 
lent passive motion under an anesthetic is aim st never neecs arv or 
advisable 
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In fractures neir or into joints carl^ mobility is being increa'infrlv 
insisted upon hen, ho%\e\er, tins is not poesibk, the muscle tone may 
be maintained by the use of tJ«? slon sinusoidal, faradie or galranic irare 
currents ^ erj gentle contractions mas be produced in indindual musiles 
which will not imohe joint mo\ emciits 

Exuberant callus im\ bo absorbed bj the u«e of short intensire 
diathemij treatnunts n*e small plates and push the heat to tolerance 
Great care mu t bo taken if the area is nncsthettc. Frictions and Titra 
tious are additioml iidb in callus absjrption 

ConipouiK? Co?«mi«ii/ed Pracltiref — This t%pe constitutes a verv 
large group in our arm\ practice The cirls ii c of prolonged radiant 
light and ultraviolet light directly on the wound is rerj valuable m con 
trolling the amount of infection Diatliemiv should be ii od bj the doiilli. 
cuff method from tho start Slight motion of the fragments, produced hr 
treatment, mav not be dcfrimcnfnl Later on, persistent «niuscs losr 
be treated directh b\ ultraviolet lurlit with the water-cooled laap 
through the use of sums applic-itors Jlassage Ins often brought to the 
surface a small and unsuspected sequestrum and it is u eful for increasing 
tissue dratua^ when gv nth applied 

Fractures m children complicated bv rickets are treated bv local and 
general ultraviolet Iiglit in addition to tin. other forms of phvsiotherapv 
Frnefurt ib'proiiis — Iht linear fractures and small separations of bonv 
tubercles that occur so commoiih with seven, spriins are better protwtf^ 
but otherwise treated b\ the technic for spriins later to be described 
here po sible eirlj active movement should be insisted upon. 

Rickets — If there is one specific use in phv lotlierap^ it is tbe u-o 
of ultraviolet light m this condition The work of Hess of Tork> 
Erlncher, of Vienna, and mnnj others «how3 that this method of treatment 
alone is sufficient to cure a large majoritv of the cases Heliothcrapv 
unfiltered through g,lass mnv be substituted for the quartz light 
ment should be gireii djil> to half of tJio hodv, the initial dose depending 
upon the t^pe of lamp and individual skm reaction, bv the principles 
alrendv outlined Tbe average dose 13 one to three minutes at thirtv 
inches, with a ten to twentv second dailv increment Periodic Smvs 
should be taken to estimate the degree of calcification Two months is 
iisuallj sufficient for restoration to a practicilh normal pictim, m cases 
not too far advanced ^Vhere quartz light is not available, heliotherapy 
should be substituted and radiant lijjbt and masaage maj be used m con 
jimetion with the changes in diet and medicinal core 

Osteomyelitis — The work of A B Hirsh and C 51 Samp on, fit le 
Fox Hills Armv Hospital, demonstrated the value of diathermv and n 
violet light m all types of osteomj elitis The through and 
diathermy, with technic arranged to concentrate the heat in the avee 
area is the best type, where its use is possible llie double cuff or cu 
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and water method maj be u ed where the direct double plate technic is 
impossible The active hjperemia induced in the seat of the lesion is 
a powerful aid in arresting the infection General ultraviolet light should 
be u'ed, preceded by high candle power irradiation to increase the skm 
capillary hvperemia, thus augmenting the volume of the blood stream 
acted upon by the nvs, for the purpo e of building up the general re- 
sistance Local applications of quartz light are given if the location of 
tho infection is fairly superficial A large surface quartz applicator is 
used with compression Deeper seated lesions with discharging sinuses 
may sometimes be reached through special applicators with the water 
cooled light 

Tuberculous Osteitis — General ultraviolet irradiation is alvvajs in 
dicated in tubercular bone disea'-e Local applications arc useful if the 
lesion IS sufficiently suptrticiil to bf reached by coniprc sion The em 
ployment of diathermy will increase the phagocytes where most needed 
and its method of application depends upon the location of the process 

Periostitis — Simple penostitw is treated vuth radiant light and heat 
or paraffin bath followed by high frequency otatic effiuvo and gentle 
cffieiirage When periostitis is complicated with «pur formation as is 
common in the os calcis the infiammatoiy process and consequent dis 
ability may be greatlv relieved Ocasionalh newly formed spurs mav 
bo to some extent absorbed There is often little correlation between the 
size of spurs and the phjstcal discomfort thej produce Intensive external 
heat 18 used if the process is superficial If deep scited give direct 
diathermy with heat localized bv using a small plate over the lesion 
Static sparks sometimes greatly relieve tho pain and are used after 
diathermy 

Traumatic Arthritis — This type ol injurv is cspeciallj amenable to 
treatment by physiotherapy In the acute etige vvliero there is practi 
cally no rupture of ligaments active hvpcromii mav be induced by the 
hot paraffin or whirlpool bath strong radiant light hi„h frequency or 
diithermv This should be followed by static sparks directed not only 
around the joint surfaces but to such muscles as mav be in a state of 
protective spaun proximal to the sprain This is followed bv prolonged 
gentle massage employing for the most part frictions and tffleurage 
carried well above the injureil joint 

Active use of the joint protected agiimt stretching of the affected 
ligaments, is indicated from the start. The results of thorough and im 
mediate treatment by this technic are extremely satisfactory In severe 
sprains associated w ith extensive laceration of ligaments intensive local 
external heat is indicated followed by static effluve and gentle effleurage 
the mam effort being to clear out the lymphatics above the sprain thereby 
increasing the tissue drainage The econd or third day direct diathermy 
mav be employevl using plates of different sizes to localize the heat m the 
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tom ligaments, while gentle frictions arc begun diroctl) over them. 
Passne ancl active motions arc used to an increasing degree, ipplied la 
such a wav at. not to bring tension on the torn structures After weril 
daj s, static sparks mav be used around, but not over, the affected li^a 
ment"! ^ asomotor stimulation, bj plunging tbe foot alteniatclj into hot 
and cold water, is i useful stimulant Where there is excessive effusiou 
into the joints the Horton wave for about tvventv minutes ’hould be 
given, followed bv spirks In the esse of the knee, a blunt Ushapid 
electrode mav be applied so is not to include the patclli This procedure 
has often been =o efficient in removing non heraorrbagic fluid from the 
joint that aspiration was unnecc^sarj 

Toxic Arthritis — Svmptomatie relief and tcmpoiary improveiiient 
muv be secured hv treatment before the focus of infection has been ehrai 
nsted, but the results arc nnturillv grcsflj scceleritod afterwards 'Oberc 
persistent seurch Ins revealed no source, long continued treatment will 
often completely clear up the locsl joint manifestation. The patients 
Iiould be wirned of tlio temporarv exacerbation of tbe joint condition 
which often follows removal of infected tonsils or teeth After such 
roinowl scecltrvted rccoverv is the rule 

The technic u«od consists m superfitinl heit bv means of radiant 
light, superheated drj nir or pamfRii hath, direct diatbermv , stvtie Morton 
wave md sparks and mas ^gc, largclj cffloiirage A hjdrotlierapcutu. 
application of hot whirlpool bath followed hj cold pressure douche has 
been used Relative rest of (be joint is mdicated 

Arthritis Deformans —This condition has pioven resistant to all 
tvpes of thenpj and jet under modern attack is hv no means a hopples^ 
one The accepted conception of the etiologv requires that the phy i'^ 
therapeutic treatment be dincted both at the eliminative mechanism an 
the joint symptoms It has been tlio rule tint those joints involved or 
a period of not over a vear vield rather rcadilj to intensive treifmcnf 
Tho diotarv regulation search for focus of inftction and correction o 
the entire regime of the patient, must bo attended to with more can. 
than is necessvrv m mo«t other conditions 

General hodv irradution with the air-cooled quartz light, static wave 
over the liver, and deep abdominal massa^iC and exerciser should he gi'W 
while the local conditions are being treated The affected joints arc 
treated by 1 ,j 00 candle power radiant light, paraffin bith or other oca 
heat with high frequency pushed to tolerance, or diathermy 
joints of both upper limbs are involved, an autoconden«ation band e mav 
bo used from both d \rsonval tenmnils JIissaf.e — -largely 
effleurage — or mechanical vibration are used Static sparks are u 
in the eirlj stages of joint involvement 

This has the appearance of being a ‘ shotgun prcseription Iw 
modalitv is aimed at a perfectlj definite indication Where it has 
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futLfulh followed out, the results, ha^e been almost uniformly to arrest 
and improve the condition 

Gout — In the acute stage no measurable effect can be produced on 
the constitutional sjmptoms localH intense radiant light panffin or 
whirlpool lath relieves the local pain W J Tnrrell has obtained good 
results with diithcrmv hut calls attention to tlie f ict that an exacerbation 
of the general s\mptoins ofttn follrws intensive local diathermv due, 
ho believes to reabsorption and the deposits trom the involved joints \ 
good technic for the application ot diathermy is with the patient prone, 
his toes in saline containing one ele trodc the other electrode applied 
as a cuff aboi e the ankle Static brush and small sparks following local 
heat will relieac pain and hasten absorption Positne galvanization has 
hten iistd in the chroiiiL stagi Here too static sparks ma\ be used to 
tolerance following tlie application of local heat 

Infectious Arthritis — This tap* ot arthritis as tvpificd hy gonocoecil 
infection, has shown limitation both of the disability time and m the 
amount of joint destruction in a vera large number of ca es m one of 
our Dianne Ho pitals ^^e used in tins group, tlio following technic 
Injointsverv acntelv tender where m inipnhtioa or the slighte t pressure 
was unbearable verj prolonged radiant light was applied to the entire 
tircumfirciico of the jiint In Ixd «asc the 100 candle-power light 
on a stand wa& fixed some thirtv in hes from the patient and applied 
for a number of hours In the subacute stage intensive through and 
through direct diathermy was ^neu cross firing the joint where possible 
from two different directions \\c used alout 1 500 milhamperes for 
forty minutes The j,iiiococtns is rather reidilv destroyed bj high tem 
piratiires and it is believed that loth ndimt light and diathermv not 
onlj uihihit the growth but to s nne extent xetualU destrov the organism 
No massage or nunipulatioii ot vnv kind should lie emplvyed in this stage 
Cumherbatcli mpiitions the fict that occisionally the galvanic current is 
more sedative than diathermy and we found this tnie m several of our 
cases 

In the chronic stage mi age consisting of frictions and effleurage 
and active and passive motions arc n&cd with increasing vigor There 
was not available a stvtic machine in this group of casts but in others it 
has been used in the chronic stige m the form of spirks with consider 
able success The effluve is useful also m the subacute stage 

Tuberculous Arthritis — This presents a omewhat different problem 
Applications of intensive radiant light and diathermj are hero coupled 
with ^encral and locil irradiation Iv uUrvvjoltt light Local treatment 
13 given with gentle compression only ever those affected joints which 
arc fairly superficial The gcncril triatmint should be pusbeil as fast as 
tanniLg, will pennit, dividing the bodv into two segments front and 
back, in those who tin rcadilv and four with those who do not After 
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misimiim irradiation of about twentT minutes dailr lia<j been reached 
and continued tuo or three irecl,«», it is ndvi«nble to reduce the time to 
five minutes and with one minute dailj increment work up to inaiimum 
and repeat 

Bursitis — In the acute stage, radiant light and heat, throuch saj 
through diathermv or surface high frequenc\ are followed bj* static efSure 
In the subacute and chronic stige, static sparks, Morton wave and fne 
tioual massage are added Pas ive oTcrciso of neighbonng joints should 
l>e used from the btart Active movements should be in titutcd ejrh lu 
the subacute stage and increased to full raugi, ns «oon ns decnnsing pam 
permits Bursa, cisfin" i denscs sbadon bi X raji have returned to nonnal 
after several necks of treatment. 

Combined Conditions — It is quite usual for With tovic and traumatic 
inflammation in the mam joint regions to find more than one ti iic 
involved in the process It mai be the joint and burse oiiK, or iiei>hr 
nerve trunks and mu«eloa ma\ al o be affected The diiguosis is usuillr 
made according to the structure which is mo t imohed m the mfljimi 
torv process. The treatment is somewhat similar and lU minor vsnstions 
are determined bi the main indications as given for the e conditions, 
separatelv cwnsidered 


DISEASES OF THE CARDIOVASCULAR SYSTEM 


Hypertension and Arteriosclerosis —In simple hi perten«ioii ntdo* 
conden ation has proved of value To obtain good results the use of a 
well-constructed autoconden«atioM mattress and the larger tipe of Khif 
mido machine arc essential The small, folding tlcctrodcs and h"''| 
portable tape of apparatus will not give satisfictorj results A careni 
record should be kept before and after each trLitmout It has bnu t o 
rule to secun. a temporan reduction of systolic pn'.^urc of 'p 
tween S and 20 ram Ilg between flic Ix'giinung and end of a **•’ 
twelvc-minuto treatment * The pressure rending will giiicralh n 
turn to within 2 to 5 nmi IIsj of the fonner ix idiiig before tin. 
tmtiuont Icaiing a small pcninnciit gam i ich time Both tu 
reduction secured during the treatment and the nniouiit of net gau' ^ 
tamed between treitmcuts steadily lessens as the normal systolic pre 
for that mdividiial is approached It sliould lx stated that Turre 
one or two others do not believe that a permanent gam cm hi soctm 
bj means of autoeondensation The average degrte of improvement ta 
however, is the result of personal experience and that of main o 


The initial euise of the hvpcrtension rtniaming there i s a con 

A sjstolic range of from 8 to _0 inillimeters of mercury is quite iisuat 
tensives "itliout an\ treatment rhatner or under varied forma of treatment — a 
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tendency for tbe patient witliont treatment to return to his former condi 
tion Gcnerillj speaking, the h^perten8lon maj be kept doivn, after it 
his once been reduced to approxunatch normal bj periodic treatments, 
laniug from one week to two months apart in different patients 

The patient is placed in a r«Jmmg position on the autocondensation 
mattress, attichcl to one pole of the d 4rsonral current A steel cclmder 
or non vacuum autocondensation rod is held IightU, but firmlj, in both 
hands The hands should be held free from the bod\ by placing a small 
pillow beneath them Better result* follow the application of the cur 
rent for twehe to thirty minutes at OO to 800 milliampcres, thin in 
stronger amounts or for a shorter length of time 

Another quite aatisfactor> technu is a combination of bodj -cabinet 
radiant light biths for ten to twenU minutes followed bv n warm shower, 
tub or mild ‘Scotch douche Bod\ exposure m the reclining position to 
superheated dn air lor one half to «ue biur, followed by several hours 
of rest in bod, after the technic of B>ron Spngue Price of New lork 
has also secured good results Tlu application of surface hi^jh frequenev 
Blon„ the spine is reconunended bv M>nic but its effects are not as efiicient 
as those obtained with autocondensation or hjdrotherapv the 

reader is reminded that all types of stUic particularly bni»h and charge 
aro lontra indicated in anv marked degree of hvpertension 

Arteriosclerosis with its associated hypertension is a much more 
difficult proHcm For the adequate supply of mitntion to roach the tissues 
through thickened blood vessel walls a certain amount of hypertension is 
essential If this tension is lowered too quickh or to too great a degree 
dizziness, weakness and other tiiiplcasant symptoms occur 'While it is 
true that, with real sclerosis byportcnsion does not come down as quickly 
or ns fir as in the simple type I have se\« ral limes seen it reduced below 
this level of safety 

Vutocondensation therefore should be used with extreme cire in in 
attempt to lowi r tbe blood pressure somewhat at least to below tbe point 
of immediate damjer from cerebral hemorrhage Keep careful track of 
the patients general fieliiig and condition as well is the pre sure find 
mgs, making no attempt to reieh the degree of pressure considered normal 
for the pitient a agi Occasional cases will bo found in which the pres 
sure cannot be lowered, and some ci«es have been reported m which there 
was an appirent rise fnllovMiig treatment Liglit general massii^e Con 
listing of cffltiirage and petrissage and mild general exercises are indi 
cited for their general effect upon metabolism. Sedative biths simple 
urated or medicated may also be employed 

Hypotension — ^omc phasis in the tieatment of this condition have 
been discussed in its common association with neurasthenia Static charge, 
spinal vibration general ma sage and graded exercises increasing in 
vigor, liive a distinct effect in raising ivstobc blood pressure The tonic 
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contrast, Scotch douche, especially to the spine, increasing the variation 
of temperature, u ill often accomplish the desired result 

Phlebitis — Tins la one of those conditions in ivliicli the intense pain is 
difficult to allaj with ordinary medical and surgicil procedures hot 
being ambulatory, there are few cases reported in pb\siotlierapeiitie Iitera 
turo As before mentioned, this is one of tho few conditions in which 
diathermy has been named as a contra indication bv most ivriters The 
results attained bv its use, however, m i number of recent cases, has led 
me to doubt whether there is any real contra indication to the ernplovmont 
of this modalitv Radiant Isght from an ordimrv hand limp, with or 
without the stand, applied to tolerance directly over the affected veins is 
distinctly analgesic Wc have followed this applicition by diatheniiy 
given bv the double cuff or plate, or the zone method, used above and 
lx low tiio affected part The superficial or od^o effect of dnthemiv v 
applied 13 of distinct value In inflammation of the infernal saphenous 
vein the commonest «ite of phlebitis, a flexible, metal plate electrode » 
placed on the inside of the thigh, the other on the inside of the aiiUe, 
and about 500 to 1,000 milliamporcs of current arc given, for from fweiitr 
to forty minutes The relief from pun in these caics has bun very 
marked, and it is difficult to see how there is onv danger of ptoduciiK’ 
embolism No manipulations of auv kind should be emploved m 
stage of this disease, preceding organization 

Endarteritis Obliterans — It is probable that we have at land no 
means of curing this condition It may, however, be retarded and ai 
rested, for a time, by the u«c of phvsical measures Any degree a 
arteriole and capillary dilatation obtainable will allow an increased amount 
of serwm, rich u\ nwtiiinent, to pass tbrovagh into the tissues Such super 
ficial dilatation can be secured b\ tho whirlpool bath, paraffin batJi, etf 
Dilatation of the deeper capillaries is certainly obtainable by direc 
diathermy As a rule however, in these conditions, "ome modificatx’” 
of zone diathermy technic roust be u<5Cil Occasionally dnthemiv increase 
the pain It is not safe or advisable to give more than 1,000 
amperes The so-called vasomotor gymnastics, obtained by the use o 
contrast baths, or the contrast ‘Mnvteh douche, are also beneficial 

Aneima and Chdorosis — has been stated before that the effect’ o 


physical agents, especially light, on the blood count and hemoglobin pc 
ceutage have varied m the hands of different investigators The p ^ 
dominating opinion is that improvement follows where heliotherapy o 


quartz light and general tome treatment are emploved 

Hehotheripy, where the climate permits, is admmntered by ' ^ 
exposure of the entire body to the imfiltered ray s of the sun, beginnin 
with fifteen to thirtv minutes and progressing to from one to three 
as tanning permits The average daily increase m time is five 


minutes 
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Ultraviolet light, whin available n \ more certain aid The anterior 
and po&tinor portions of the hi<dj ma> be exposed on alternate dajs or 
in those, who tan poorlv the chest bnh and the anterior and posterior 
surface of the extremities mav b« irradiated in turn The air-cooled 
lamp IS Used Ihe initial distame is thirty inches with the mercun 
tungsten and eighteen inehes with the all mercury burner The averaj,c 
tunc is a minute and a half, with ten seconds dailj increment with the 
former type of burner and thne minntcs with a faftcen second increase 
when using the latter t\p< V nnximom time of thirty minutes is suf 
fieicnt maintained one week It is lutter then to drop hick to 2o per 
cent of the dose and repeat 

The tome liydiotherapv with fan douche general massage and cis\ 
graded eserei oa are available idjuncU to phototherapy in the treatment 
of this condition 

Organic Valvular Lesions of the Heart — In the section on the 
physiology and therapeutic application of eicrti e the behavior of the 
normal heart under exertion and the use of cxcrti c m traiDin^, the nor 
nial heart to maximum eftcienev wck discaissid The work of Hilsev 
Barringer and "W ilson of New \ ork, on the exercise tolerance of children 
With organic heart disease has <lone much to nlhj the fear of its employ 
nicnt m these conditions and still further it points to exercise aa perhaps 
our most potent therapeutic a^ent in the treatment ol the e conditions It 
IS the consensus of opinion ol those writers and also of others that heart 
failure in organic disease is practically ncyer due to physical esertum but 
to reinfection Iheir eombmed work covers seyeral hundred eases sub* 
jeeted to graded exercise and there has been impmyement in noorly eyerj 
case 

The heart workin„ against organic di«advantage compares well yvith 
the normal heart in its tolerance to exercise unless its rt«crye power is 
low Seytral types of exercise test and regime were employed (1) Walk 
one hundred yards on Icael ground m two mimitis (2) Climb stairs 
with ten foot n o in twenty second* A simple test ayailible anywhere 
consisted in swinging two iron dumb-bells from oyerhead to bitwcen the 
feet and returmiig at the rhythm of thirty times a minute The dumb- 
bells u ed wei^hid from two to ten pounds each and this exercise yvis 
repeated ten to forty time* btnrtin-, yyith the lighter yvci^bt and the 
lesicr number of tinus and gradually increasing the scyenty of the 
exercise 

The points to lie noted in judging the effect if cxenise are 

1 Jbo appearance of the face, as regards flushing and signs of 
fatigue and strain 

2 The rispirition 

The timr leqiurcd for the pulse to rctnni to normal 

4 The systolic blood pressure nse 
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Functional Cardiac Disturbances — In our Anuy at Lako- 

wood New Jer«e\, and at alter Reed Hospital m Washington, a very 
largo group of cases of this t>pc were treated They were variouslj 
classified as tachjcardia or effort syndrome and were similar those 
classified ‘ D A H of the British Irmy The work at Walter Reed 
undtr the direction of the chief aide Mary McMillan, and her assistants, 
h IS hcen reported m detail b\ Lt Col Burt W Carr, now Supemsor of 
1 Insiotherapy for the U "4 \cterans Bureau These patients were 
treated with systematic graded eyercises laigelv of the rhythmic type 



Fio 6 — CaBDiovAscm^B Class is Abstt Ito pital. 


checked up with constant observation and blood pressure and pul e find 
mgs The li'.t of ixcrcists was divided roiigUh into hve groups 

1 Passive and assistiye Lvercise cvncrally in the horizontal position 

2 Active slow rhythmic iniycmcnts prone or standing 

3 Active movements with cvordmation 

4 Active mov«ments including both speed and coordination 

5 alking running and indoor lia eliall and other li^ht gimcs 

The patients were tliorouglilv examined and assigned to an appropriate 
grade of work In case of inj doubt they were placed m the next lower 
grade Those admitted to Grade 1 were as a rule under nervous tension 
with Inch pulse rate and verv apparent effort svaidrome The evcrcises 
Wen, given in slow rhjthm as wiatwl widi respiratory movements and 
given m a low and monotonous tone of voice Frequent rest periods with 
complete nhvation were taken Careful examination was made upon 
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Barringer states that a n<!o of 20 inm Hg , without other indications 
of strain, is a favorable sign and emphasizes the fact that no eserosc 
other than sitting up should be attempted for a week or ten days after 
an acute attack his ceased and the temperature has become normal Hal 
sej coiitludes that graded exercise ma\ be given to children with organic 
heart disease, improving the action of the heart 

In a large group of cases, Mav G Wilson made some interesting oV 
scrvitions on the exercise tolerance of children with a variety of cardiac 
defects, compniing them with the tolerance of the normal children The 
results of her tests were is follows 

Tolerauce to excri-ise is roughly grouped as good, fair or poor 
Twelve with congenital mal/onnolions — all good 
Thirty six mitral lusiifficiincy — twenty three normal, thirteen fair 
Twentv mitral stenosis— twolvt normal, eight fur 
Two vvith aortic rcgur^jfation md mitnl stenosis — both normal 
Six with chrome valvuhr insnftcicncv — poor, improviUj, steadily vnth 
exercise 

Ninctetn with apical svstolic muimurs — eighteen normal, one poor 
One hundred aud sixteen organic tiscs under treatment— three ihw, 
one with tuberculous complications and two from acute myocarditis fol 
lowing tonsilitis 

Other forms of simple graded exercises would undoubtedly attain in 
ihr results These are the types of cas<^ in vrhith it has been ijuite to 
rule to proscribe all exercise The vali,ie of exercise m organic he* 
dt ease, espocialh in tlio young should nq longer be m doubt Certain y 
exercise should seldom ho proscribed in functional cases 

Myocarditis — Gndid exercises light (ii type and brief m duration, 
siidi as those described for valvular lesions, urc indicated in this 
as well, with a careful checking up of the Vs''ociated physical 
This IS one of the. few cardne conditions in which the results of n 
plication of diathermy have been distinctlv beneficial Flexible 
tion plates, about five by seven inches are usOd anteropostenallv 
e«sentiai to have a stoadv current which must tie applied very grfl na 
From five to seven minutes should he used in TaisiPg the current to nia 
mum of 500 to GOO milliamperes which is mamtiuned for twenty inm'“ 
using in addition four minutes in which slowly to reduce the 
the current Relative rest should he insisted upon for at 
after the treatment Its effect upon the coronary circulation nngs 
proved nutrition of the heart fibers 

Intermittent Claudication — Grunhamn, of Vienna repo 
cess in eight cases of this condition treited by a tcohnic o 
athermy similar to that yiist descnbed extending ^over a perio o 
to eight weeks These cases were mild m typo ami his resn « w-e 
formly good 
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functional cardiac disorder ’ He was dj'^pntic nervous and his tach^ 
cardia was grcatlv c^ag^^crated on the shohtest effort 
Jul^ 1C — pul L sittiiij, 116 standing lt>0 
Julj 2S — pulse sittiii-, 72 standing 7a 
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During the summer la was ohli to take part m indoor bv«eball and 
other games 

Shott Nauheim Exercises — Tin is i group of slow resistitc e\crci es 
given with the object ot strengthening the cirdiac muscle lowering the 
puUc rate and improving, the entire cardiovascular adjustment The e et 
crciscs are dvvid^ roUj,lil\ into am tiunk and leg movements given 
resisted b\ the operator, the patient standing The opentor resists slinul 
dtp abduction and ndduetion flexion xnd extension abduction and adduc 
tion in the honzontil plane and flexion and exten ion ot the elbow He 
then resists trunk bending to the rijit and left and flexion and cstensioii 
of the hip knee bent an^ knee extended Considerable effort is required 
in tho msintainanec of the cm t po ition Tu addition much more enters 
into the resistive movements than the effort involved in their simple 
execution becviisethev riquirt mminv cases bThncing on the other leg 
during the entire time of the sloxilv exicutcd movement Resistive exer 
ciscs in which cl 1 a all of these fall hive been grouped as the most severe 
of the four tv pcs classified \s illustrated in numerous tests these dis 
advantages arc ot once apparent and the writer believes that this tvpe of 
(xcrcisc will be eiitirch supirsa’did bv tin niwcr metluds just outlined It 
IS easy to understand tint even a single one of these leg resistive balanc 
mg movements might be too strennons for a large proportion of the tvpe 
of Cl cs wc hsd in the annv Contrast the cvcritv of a single one of the c 
movements with that of an entire gronp of bvUteial slow, rhvthuuc joint 
flexions and extensions done as passive assistive or even active excrciees 
with the pitiint Iviiig supine Ntirlv everv single leg exercise of the 
Eliott Nniihiim group would lx strenuous cnougli to fall into Grade " of 
our irmv clissifieitiou 
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tbo least sign of distress on the put of the p-itient The Icsstiung of the 
aecoler‘\tcd pnl'^e rate, in praeticaU% tlna entire group nas remarkalk 
atter exercise and n is found to he still Jowtr an hour liter The exercises 
included in Gride 2, which wn one of tlic largest groups during mo't 
of the time, were is follows Patients supine on niat« 

1 Arms extended sideward Slowh siipinatcd during inspintion 
pronated dunn^ expiration, wpcitcd twcho times 

2 Arms it sides Inhile aod iliduct thighs rxlnh nid adduct 
thighs Repent 

3 Hinds loo clx on chest Inhale ind extend irma nt sides 
ier«e md rcpeit 

4 Inlialc cud driwr up knees Riior'O ind rcpeit Sloulj ssMime 
standing position 

5 Hinds loo eh cknehed, on che&t Inluk, hrniging arms to sid'* 
Rcrerse and ropcit 

0 Inhale, riistng thigh with knee hent rxhile, extending he m 
hilo lowering foot to floor ilioiit twcht inches in front of the other 
hale, bringing foot bicl oion with the other Rcpeit 

7 Hands on hips Inhale, bendin^ bod\ forward Rciersi. and re- 
peat Held up all the time 

Statistics compiled hi 1 1 Col Cirr from Grades 2 and 3 showing the 
irerage improiemeut during ft week ire significant 
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It IS interesting to note that before exercise on Jiilv 2S t ^ 
rate was increased twehe heats b> standing and after exercise ti 
beats, and on August 5 the increase was hat nmp and one third and ve 
two thirds, 

This decrease in pulse rate following exerci«o was practwa 
stant A few organic cases with normal heart ratt s were include in 
iierages which makes the gam m the functioml cises ill the ® 

nig One else IS of especial interest I leutemnt Colonel B , R'^gn 
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Gastric and Duodenal Ulcers — Ttmpor iij relief from pain ma^ be 
obtained througb the apphtation of radiant light Some writer^ believe 
that the body raying with ultraviolet light is au aid m the healing process 
There are certainly no contra mditationa to its use The applicitioa of 
diathermv, enthusiastically recommended bv some, impresses the writer as 
containing an element of danger of hemorrhage which it is difficult to 
guard against, and it should be applied if at all, with extreme caution 
^\ith improved technic it may be possible in the near future to reach 
ulcers in the lower part ot the colon by the direct application of ultraviolet 
light 

Visceroptosis — This condition when assoeistcd with general ncuns 
thenn lordosis or chronic constipation should receive treatment for the 
combined conditions The tre itment of the visceroptosis consists largely of 
abdominal massage and the following cverci c» 

1 Hands palms down under hips Flex both knees to chest, extend 
knees alowlv audrepeit 

2 Ivai 0 both legs to vertical, knees extended lower slowlv and 

repeat 

o W jth arms extended overhead feel fixed under any convenient 
objeet whip arms forward and sit up and return Pepcat 

Irogression in the seventy of this last exercise is attained by per 
formula the exercises next with the arms st the sides then behind the 
neek. and last with arms overhead but Irfted with tho body, instead of 
actively assisting tho mjvemciit as was done m the firet place General 
progression «hould proceed trom on iiiitia) start of three or four repeti 
tions of eich movement to twelve or sixteen of each The abdominal 
massage consists of circular deep kneading covering the entire surface 
of the abdomen 

Chronic Constipation — To oltain a atistactory result m the treat 
ment of this usually resistant condition cvei^ mode of attack at our com 
maud must be followed The diet habit time factor and occasionally 
medicinal aid must all be employed with phvsiothcripv In cases where 
tho underlving cause is adhesions the physiotherapeutic treatment to be 
outlined cannot be expected to attain a cure However, the development 
and toughening of the abdominal muscnlature and improvement in the ^en 
oral condition which usually follows its application, is a distinct a««ct 
if operation should bo found notes arv The«c measures would be dis 
tinctly contra indicateil vvbcn the underlying cauae. is inflammatory in 
nature although iii tins case a eour e of direct abdominal diathermy m 
place of the taifmtut outlimd, might rclievt the condition and make 
operation uuneecssarv The treatment of simple chronic constipation 
consists in the use of a combination of exercises massage and electro 
therapy 



498 CO^IBINED METHODS OF Pill SlOTHEHAPi 


DISEASES OF THE CASTRO INTESTINAL TRACT 

Pyorrhea and Apical Abscess — The perfection of a \irietv of curred 
quartz applicitors non permits of tho direct “ipphcation of ultrariolit 
light from tlio ^\ntci-coolcd lamp with coaiprcsaton upon all parts of the 
gums Spong\, bleeding gums, witli paorrhea, Meld aor\ quicUy, as a 
rule, to ultriMolot exposure A narrow tipped, curved applicator is p 
plied to the dental margin, with firm compreasiou The iiiitnl time is 
from fortj to ciglitv seconds with n ten or fifteen second dail} inenment 
The site of an apical abscess, located hy the Xrav, inaj be trcatid an 
teriorlv and postinorlj in the same vviv, ''t'd subsequent Xra^s bavD 
clcarlv dcmonatritcd tint, in manv cises, the active condition lias h(n 
eliminated From six to twelve treatments are nsuall} required 

Gastritis — Boidicr and Vtm both found that dntliermv', applied 
to the stomach has a constant and unifonn stimulating action on both the 
motor and secrctorj gastric (unction* In both chronic and aewto gas- 
tritis, tho relief of pain is greater than that which might be secured hv 
the application of anj external form of heat A careful diagnosis, 
rule out malignancv or nicer, is essential, since diathenn> is contra mdi 
cated in botli these conditions Treatment should be given b^ meins of 
fairlj largo flexible inctil plates, perhaps oven b) nine inches, appheJ 
antoropostcnorlv over the gastric area, using 1,000 to 1,800 inilharopcKS 
of current for twentj minutes 

Cholecystitis — T here have boon many reports upon the faTorfloh 
effect of diathermy m thinning inspissated bile During the passage of * 
small calculus, the relaxuur and analgesic effect of diuthermj is of dis- 
tinct value in aiding the passage of the calculus into the intestine B is 
not believed that diathermj can have any effect in causing tho ah orption 
of calculi once they are formed Diatlicmiy should ho applied 
posteriorly by the direct method, over the gall bladder area As is o 
case in all abdominal diathermy, fairly strong currents must he us£ > 
because of the low resistance of the tissues, if any great degree of 1“ 
ternal heat is to be prodnetd Functional hvpo activity of the hver 
may bo greatly stimulated by the twenty minute application antenora v 
of tho static wave over the entire hepatic region 

Appendicitis — In tho initial inflammatory stage, before the forma 
of pus, direct diathermv has apparently aborted many cases The mo* 
careful checking up of the blood count with the puUe and temperature » 
essential, so that delav in the application of surgical relief will not 
enr should pus he formed In the preliminarv stage mentioned, 
minutes application of the 1,500 candle power radiant light, followc^ ^ 
dirtct diathermy, 1,500 to 2,000 miMiampcres for the same Icngti o 
time, IS advised 
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IS adviaiblt Either the iiouTacuum or \acuuni glass electrode nia\ be 
Used Four to six hundred inilliamperes of current should be gi\cn for 
from fifteen to tuentj minutes 

Hemorrhoids and Anal Fissures — The terlnnc perfected In William 
I Clark, of Philadelphia in tin tieatmcnt of these conditions bj desicca 
tioa has been cxtieineH suctissiful Desiccation has manj points in its 
faaor oaer the use of the cautera The monopolar Oudin current is used 
This current is applied bv means of a needlt, attached to an insulated 
Iinidle and eoimeeted In an insulated wire to the high frcqucuca ip 
paratiis Small hemonboids arc treated bv tulguration with a short spirk 
jump tlirough the air Contait is u td on iiuduim sized and direct in 
‘.(rtion in the larger atins Loei! novocain inesthcsia is used inter 
inuseularh In treating, extemil hemorrhoids Clark desiciates a line 
across tilt henionhoid similar to the primarv scalpel incision in the usual 
techuic Tlio needle is then inserted into the clot and the vein destroj ed 
The hemorrhoid is thou incised without hemorrbacc and the clot curetted 
nut 

Internal Hemorrhoids — Oc«» loinlK a pentnl anesthesia is em 
ploved but usualh thorough local anesthetization is sufHcipiit After the 
'plnnctcr is sufficienth dilated each bemeirrhoid la grasped bv the forceps 
and clamped at its base in the lirection of tlit nau cle fibers the needle is 
inserted and the growth destrovid 

Fissures — Fissures should be thoianuhh desieealtd foWoweel by 
curetting tlie base is tluii desiccated a^ain Tbo infected membrane is 
thus tLoroUj,hh destroved and the eiitirt tiact sterilized 1 omfectiou 
li 19 not nceniTcd in Clark s cis<s Thi idvantag^e of tins method of treat 
ment IS given b\ Clark as lolbws There is light postopcralne di com 
fort danger of stenosis avoided Ucanse of the mall amount of cicatnv 
formed as the trauma of the ti sues is rerv slight Emliolism is avoided 
lirtause the dilated veins are ccmpletelv destroved and no chance is given 
for clotting Secondirv himorrln^i does not occur beciuso the vessels are 
sealed for a shoit distance below the blades of tlic clamp 


DISEASES OF THE RESPIRATORY SYSTEM 

Coryza — Inuumcral le methods ot »tta<k hive Iwn used upon this 
conunon eoinlilion In the eon^e tne tage the combined u e of several 
plnsical agencies Ins been prettv sum sful iii tnatuig this afTectioii 
V« t cover the eves vv ith a foldid towel and cvpasi iheficitol )00candle- 
l>o\vcr n liant light as cbsclv as tlu patient will toWnU usuillv twelve 
to sixtcdi inelus for fiftfcii mimites This is followed bv the u e of the 
Oiuliii high fnsiucncv current in each nans bv means of the na al vacuum 
or inn \ icuiim chitrode The ihitnxh is giiitiv itiserfcd and carriid 
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Exerases — Ihe four exercises just outlined for visceroptosis are use- 
ful ILeir object is altoniatelj to increa-ie iiid decren«c intra abdominal 
pressure, tbtrebj stimulating peristnlsis The following abdominal and 
trunk excrciNCS should also be used in connection with the foregoing group 

1 Stride, stand arms borizoutnl, or hands on hips Tnink to tbe 
right bend, straij^htcn, to the left bend, straighten, and repeat 

2 Tnink to the right turn, return, to the left, turn, return and 

repeat 

3 Trunk forward lower, raise, gently backward, bend, straighten, 
and repeat 

Massaqe — This consists of deep pre&sure movements following the 
cour'^c of the large intestine The patieut should lie supine, knees tlcvcd 
and ahdomiml vv ill completely relaxed The operator phtes one hand 
above the other, finger tips on the right lower quidnnt. A «prics of 
four or hvo deep circuHr luovcmciits with firm gentle pressure arc 
given over the cccuin The Lands an. lifted and replaced two or tbne 
inches higher on the iseeudin^ colon Tins procedure is repciteJ throUoli 
out the entire course of the large uitcstriic V> itli the hands m the sunt 
position using the entire pilmar surface, deep, slow stroking is done ala> 
along the full course of the colon Walking, golf, vollev lull uid similar 
general exeroisc** ire indicated 

Electrotherapy — The mu&cnlature of the abdominal wall and, to some 
extent, that m the walls of the intestines mav bu stimulated to increased 
action bv the contractile electrical currents The surging sinusoidal or 
wave galvanic eurrents tweiitv to thirtv waves to the minute for tircbc 
minutes are best for this purpose One electrode, about six bv nine 
inches IS placed over the lower dorsal and lumbir spine, the other on 
the abdominal wall A slow deep, current wave with voltage to tolerance 
and a distinct rest period between contractions is indicated Uncoin 
plicated cases of mauv vears’ duration hue been mode pnctically norma 
bv this combined treatment Some writers emplov the static wue over 
the liver and a]«o on the abdominal wall Attention should be ilirecfc' 
to the associated conditions o often present kmong these aru neuras 
thenia visceroptOMS faultv posture and the general effects of sedentar' 
In mg e 

Sigmoid Impaction — This condition, when due to atonic conditions o 
the musculature of the lower bowel mav be treated along the lines just 
given and, m addition, mtemil rectal ipplitition of one electrode, tie 
other being placed on the lowci abdominal wall Iitlitr the sinusoi i 

or wave galvanic may b' cniplovid The lower bowel should tliorougu' 

cleaned out before treatments In cases due to spliinctciie spism trea 
ment bv diatbermv usnic: one rectil and one ibdnminnl surface dectro w 
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18 adii^alile Either the non vacuum or vacuum glass electrode ma} be 
used Four to six hundred milliamperes of current should be given for 
from fifteen to twenty minutes 

Hemorrhoids and Anal Fissures — Ilie technic perfected 1>\ l\illnm 
1 Chrk of Philadilphia, in tin treatment of these conditions b\ desicca 
tion has hcen cxtrcmelj aucoLssful Dtsictation has manj points m it? 
faior o\er the use of the cautery The monopolar Oiidin current is used 
This current is applied bj means of a needle attached to an insulated 
limdle and connected bi an insulated uire to the high frequency ip- 
paratiis Small hemorrhoid? are treated b> fulgurition with a hortspirk 
jump through the air Contact is used on medium sizid ind direct in 
crtion 111 the lirg,er loin? Local noaocaiu anesthesia is ii cd intir 
mu'cularh In treating external hemorrhoids Clark desiccitcs i line 
aero ? the hemorrhoid simihr to the pnmirv scalpel incision in the usual 
technic The needle is then inserted into the clot and the icui de«tro%ed 
The hemorrhoid i? then incised without hemorrhage and the clot curetted 
out 

Internal Hemorrhoids — OcciisionalK a gciicnl anesthesia is cm 
plo\ed but iisuallj thorough local anesthetization is sufScicnt \ftpr the 
sphincter is sufEcionth dilated each hemorrhoid is grasped ba the forceps 
and damped it its base in the direction ot the mu cle fibers the needle is 
inserted and the growth destroyed 

Pissniea — Fusurcs should be thoronghh doMCcated followed b> 
curetting the base is then desiccited igain Tlio infected mimbrino is 
thus thoroughly dcstrojod and the entire tract sterilized Poinfc-ction 
ha? not occurred in Clark’s ciscs The adc mtage of this method of treat 
meiit 1? gnen ba Clark as follows There is alight postoperative di com 
fort danger of stenosis avoided because of the small amount of cicatrix 
formed, as the trauma of the tissues is vcr\ slight Embolism is avoided 
1 pcuisf the dilated veins arc completeh de treived and no chance is given 
for clotting bccondar) hemoirhago does not occur hetause the vc aels are 
'ealed for a short distance below the blades of the cl imp 
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Coryza — Innumerable methods of atlacl have been used upon this 
common exuidition In the congestive stage the combined use of several 
plivsnil ngeiicios has been pretty succe sful in treating this affection 
c cover the eves with a folded towel and expo e the face, to 1 500 «. indlc^ 
power radiant light as clo«cI\ ns the patient will tolerate iisiiallv twclvi 
to "ixtex-n iiiclics fir fifteen minute? Ihi? i followeal hv the u«e of the 
Oiidm high fnqiicncy current m each nans hv means of the nasal vacuum 
or nonvacuum chetrode The chctrodi is „iMtlv in erteel and carried 
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straight back as far as it will penetrate easih , before the current is turned 
on The first rheostat and first spark gap usualh giro sufticient current 
The electrode is pressed gently agunst the different parts of the ivalh of 
the nasal passage The current should then be turned off, the electrode 
withdrawn and inserted into the other side From fi\e to eight minutes 
application of the current to eacli nostril is usualh sufficient to drv off 
and shrink the membranes considerably 

The quartz light is then applied from the water-cooled lamp through 
the nasal applicator inserted as dcoplj as possible, for a minute and a 
half, after which it is slowly withdrawn, during the neat half minute In 
throats open enough to allow for the procedure, the phar^nge^l applicator 
ma\ then be applied through the mouth to the nasopharynx, which » 
irradiated for two to three minutes In the chronic stage of ihis condition, 
the treatment is much less efficient but even then gives svmptoraatie re- 
lief If the treatment has been instituted promptly in the acute stage 


It IS usual for the di«ease to yield \ery quicklv 

Tonsillitis — Three common types of tonsillar involvement in cliilditi! 
have been described, associated usuallj with hypertrophy the aaitely 
inflamed, those yvith subacute and chronic inflammation and the simple 
enlarged tonsil The first typo should be remoyed surgically yfhen pos 
sihle The second tvpe treated by combined X rav and the application of 
ultraviolet light, and the third b^ X raj or bv surgical removal In 
subacute inflammation the X ray i*. applied by the 'Witherboe technic on 
alternate weeks In applying the ultraviolet light, Paciin advises fr^ 
quent short exposures of not over thirtj seconds each, with the o 
the special tonsillar applicator This is a conical steel cylinder, yfdh a 
quartz compression applicator fitted to Us tip He emphasizes the pom 
that prolonged exposure tends to coagulate the protein of the muco^ 
which interferes with surface drainacc The spraying of the tonsils w 
a dilute solution of peroxid of hydrogen is sometimes advi able 

In surface infections of the tonsil and infected crjpts, Donnellv a 
vises the use of a localizing cjlindtr, beveled at the end to enclose « 
tonsil which is exposed for from three to file minutes with the 
cooled lamp Where for any reason ordinary tonsillectomy mig 
contra indicated, as in hemophilia or in patients unable to take a 
anesthetic, W J Ham on, of England, uses surgical diathermy 
surface of the tonsil is painted witli lodm and it is then destr^ J 
electrocoagulation, using 300 to 500 milliamperes of current * 

D HcFee of Haierhill has deaeloped a technic for the removal o 
sils bj fulguration with the monopolar high frequency current A 
tonsil electrode is u«ed, of wire imbedded in glass, terminating at 
center of a hooded, bell shaped end This method requires from 
to SIX applications, the slough coming away without hemorrhage, an 
very satisfactory when ordinaij snigical enucleation is impossible 
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Diphtheria Carriers — Doanell> reports forty cases of diphtheria 
carriers to 'whom nltraviolet lii^ht was applied to the tonsils and naso- 
pharynx hj the use of the cylindrical localizer and ■wafer cooled lamp 
Ihe first exposures were three to fi\t minutes and if succeeding cultures 
were not negative repeated doses ol from four to six minutes each were 
given Fifty per cent of these cases were negative after the first exposure 
and never more than three exposures were required Additional cultures 
should bo taken «everal days later 

In our senes of five cases the ultraviolet light was applied from water 
cooled lamp to the tonsils and tliroit by the tonsillar applicator for three 
minutes and to the posterior nares by the quartz na&al applicator for 
two minutes, including the slow gradual withdrawal of the applicator 
during tho last half minute Cultures were not taken m this group until 
after three exposun,« when four were found negative and one doubtful 
which also became negative after tho fourth exposure Pacini follows the 
same technic with a shorter exposure less than a minute and adds the 
curved rod applicator, turned upward beyond the soft palate into the naso- 
pharynx This last procedure is important in completing tho irradia 
tion of the entire surface most commonly infected The middle ear and 
sinuses occasionally involved cannot be reached directly So eminently 
satisfactorv has been this treatment that it suggests similar results in 
carriers of the organisms of meningitis pneumonia and influenza, both in 
the recuperativo stage and as a preventive for those who have been 
definitely expised There can be no question that ultraviolet light is per 
haps the least dangerous and mo>t effective surface baeterieido at our 
command 

Tuberculous Laryngitis — Blegrad rcpirts fiftv two cases treated by 
body exposure to the carbon are light The initial exposure was fifteen 
minutes, increasing gradually to one hour in about a week s time On deep- 
seated bcal lesions ho used the galvanocautcry The laryiigi.al symptoms 
were greatly improved in practically cverv case, although the associated 
pulmonary condition prevented complete cure in quite a large proportion 
of them. 

A comprehensive technic includes the local applicition o^ ultraviolet 
light from tho water-cooled lamp through the lary ngcal applicator for from 
one to two minutes with slow steadv increase m exposure time coupled 
with cross-firing the larynx by means of compres ion with the large «nr 
face applicator and body exposure following the technic alrtadv outlined 

Gas Laryngitis — e Lave had many cases of gas laryngitis among the 
ex-scrvico men A combination of surface hit,h frequency and the internal 
and external application of quartz light, as ju t described, has brought good 
Tisults in most cases 

''tmple catarrhal hrytiffttis may bo treated in the ame way, adding 
intensive radiant light externally for twenty minutes 
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Sinusitis — rhere is no question that the sinuses connected wifi tit 
respiratory tract can bo penetrateJ ridiant light and, to some extent, 
by uItra\nolet light, when properly applied The effect is that of thnmuio 
and, to some extent, stenlizm^ the exTidate, thus accelerating drainage 
Local, intensive, high candle-power ndiaut light for twenty to tliirty 
minutes is applied directly oyer the affected area as close to the patient 
as IS tolerable Lltrayiolet light with compression from the water-conlud 
lamp is then used for one or ty\o minutes The patient should be fore- 
warned of the sunburn on the fice which will follow this application 
Afarked relief of pam is usmlh the immediate result of the treatment 
Ultrayiolet light should be applied, where possible, through the nose, in 
addition to the surface application 

Bronchitis — The favorable effect of the common external counter 
irritants is well knoyvn The use of hot, heavy gummy sub tanecs smeared 
on the skin is still m vogue, in spile of their obvious disadvantages Tif^ 
effects of the«e can he obtained much more cfEcicntlj by the u«c of hiii 
candle power radiant light 

In certain tvpea of bronchitis, especially tho«e associated v»ith a 
tendency to asthma and simple croup, anti«pa«mo^ic9 are indicated 
athermj will relievo this condition by the relaxing effect of the interne 
deep-seated heat produced The sedative effect on the mucosa of the 
larger and smaller bronchi is more quicklv secured than by the « e of 
drugs In cases where the cvpcctontion is too profu e, diathermy «hoiiid 
be used sparingly if at all 

Radiant light, 1,000 to 1,500 candle-power at fifteen inches, is ap- 
plied , thirty minutes to the anterior and ten minutes each to the latcra 
and posterior surfaces of the ehest This is followed by direct diafhermv 
with flexible metal plates large cnou„li to coyer the entire upper clie 
The patient may he on the posterior plate The anterior electrode 
be held gently on the chest by the patient, but preferably bv a h'' 
sindbag or with adhesne plaster Use 1,000 to 1,500 milliampcrw o 
current, taking double the usual tunc to reach maximum and to re 
the current 

Bronchopneumonia — Tlie effect of the application of radiant hsht is 
not as great in this condition as m inflammation of larger bronchi, w i 
that of diathermy is still more striking Radiant light, however, ' ° 
be u'^ed where possible, applied to the anterior chest wall for twenty o 
thirty minutes Diathermy is given by the technic just described 

liobar Pneumonia — ILe group of eases m my consulting 
the United States Marine Hospital No 21, New York, is now 
enough to justify certain definite conclusions as to the effect of diat 
m this condition This disease vanes so greatly in its mortality m 
ferent seasonal epidemics and in the different tvpe®, that all conclu* 
as to the efficacy of any given treatment must be most guarded 
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litenture, a scattered cases of pumimoaia treated bj diatberm} are 
recorded The lack of laboraton reports and daily pb%sical findings 
render difficult anj judgment upon the efficiency of the methods u ed The 
permission and assistance of tin Hedical Offi er m Charge and the co- 
operation of the ard Surgeons and I ahoratorv Staff made this stiidj pos 
siblc Tilt onij function of the dcpirtment of phjsiothcnpv 'wis to giit 
the treatment A complete record ot pulw! temperature and re piratioii 
together with dail\ cheat findings was kept of taerj case b\ the Ward 
Surgeons Dr Trimmer and Dr Loland under the direction of ilajor 
Tnon and Jlajar Pidlon, Clnefs. of tlic Medical Senicc The labora 
torj findings avero made by the <hicf of that stnice Dr Tavlor and a 
number of chest plates of particularly interesting eases were secured 
Treatments were oi'cn by the bcid physiotherapy aides Mi s Carj^ill and 
Miss Randall 

The apparatus used was a portable typo of high frequency machine 
capable of delncring up to i >00 milliainptresot eurrent This and sunilir 
apparatus may be conycnientK corned to the different yyards of a hos 
pital or to pnaate homes aod used wliercycr there is an alternating cur 
rent Tho tuhiuc aras os folloiys The pitient yyas gcutlv tuincd on 
Ins Bide and tht fleaible metal plafi about fire by scyon inch».« covered 
with hot shaving soap lathci were placed directly oyer the affected lobes 
anteriorly and postenorlv The patient was then returned to his former 
position lying dirccth upon the posterior electrode the bedding being 
protected by a heavy folded towel llie auOnor plate was held gently 
Bgainst the chest wall by the ude or nurse In the first eighteen or nme- 
tenn cases the raiTimum cumnt of i OOO milli amperes was used The 
current was turned on very sloyvly from four to five minutes being used 
to rcich maximum and a turtlicr two or tlireo in cutting it down after 
twenty mumtes at maamiiiro In tin «e«)nd group of cases at present 
under treatment, the tunc Ins often been mcrei‘>cd to thirty minutes and 
the maximum current reduced to 1 200 or 1 »00 millninpercs with cveu 
hatter results 

Dr Wm T Boland who was in immediite charge of pricticiilly every 
case sums up tlic results of this work up to ftbnnry lo in’T from the 
8tandp<aiiit of the interni«t as fallows The 1^2* group of ca e 
largely Types I IT and III did uot Te«pond quite as yycl! as th< first 
group which yvere mostly of Type IV With a single exception there was 
a sliaht fall an blood pry sure with a fall iw pul c rate of from five to 
t( u points following the treatments The respiration rate yy as not greatly 
h wuod hut bryithiUg yyas miuh liss labored Free perspirati an yyas 
induced Following the dintliermv treatment each patient yeas able to 
sleep from emo half to three hours m a quiet natural manner and tin 
pains in the chest yycn. Icsstncd following each treatment m eyery ea«e 
caeipt one 
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Tie results obtained in treating lobir pneumonia witli diatiermj id 
dicated that it might have an influence in hastening recoven, pirticiilarlT 
in shortening the period of resolution There is some evidence to indicate 
that pneumonia maj bo aborted bj the eirl^ and intensive, use of diathermy 
This result has apparently been the case in a number of instances and 
yet it 13 extremely difScult to prove one way or the other It seems 
logical, however, to employ it at the earliest possible moment after a 
diagnosis or provisional diagnosis is mi<le, because of the almost absolute 
certainty that it is safe The total duration of the active stage of the 
disease was apparently not affected in our cases, but the condition of the 
patient and the temperature findings were both markedly affected The 
temperature started down by lysis immediately following the first applica 
tion of diathermv, in nearly every case A similar temperature etiect 
was noted even m the few which had a lethal outcome 

This statement can be made without fear of successful contradiction 
A crisis does not occur m lobar pneumonia where diathermv is u«ed lo 
fact, so striking is this point that lu several of the 'cattered ca es reported 
the diagnosis was placed m doubt because there was no crisis la our 
cases the laboratory reports preclude anv doubt as to the accuracy of the 
diagnosis Still more marked, however, are the effects obtiinsd on the 
patients’ svmptoms in practically everv treatment, the number of which 
IS now several hundred Cyanosis le&sens or disappears, the expiratorv 
grunt, yvhen present, is markedlv diininisbcd, or it ctascs entirely The 
respiration rate usually falls and the breathing is less labored The 
patient receiyes from two to four hours of distinct relief from dislrcbS 
during which he usually drops off to sleep , 

The question arises as to what actually occurs within the congested 
lung This question is difiicult to answer but we are certain that somelhuig 
definite occurs which relieves, at least temporarily, the overload upon 
the right «ide of the heart Lymphatic and capillary drunage are im 
doubtedlv augmented and the intense heat produced, estimated it from 
twelve to tvventv degrees Fahrenheit above that of the body, mav mC" 
chanically melt down some of the exudate . 

The relief felt bv the patient after tho crisis is of cour«c, out 
proportion to any sudden phyaieU change occurring within the 
and a somewhat similar and unexplainable relief occurs here The v, 
at a great expenditure of energv, reacts to the toxins with a ri«e ol r 
five to seven degrees of temperature, perhaps even greater ^ 

within the congested lung If the oigamc structure of heart and i nev 
and sufficient pulmonary tissue remains intact and the dose of 
not overwhelming crisis occurs and the patient is started on t e 
to recovery By means of diathenny we create, without the rapm 
ing of the bodv’s available energy, a more intense and «liarply mca i 
temperature We do not, of course aid directly m the formation of an i 
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bodies The re«ults wliicli hil^e beea found clinioaUy in tbe application 
of dlatlle^n^, therefore closely parallel what mii'ht have been expected 
The most careful and continuous oh>er\ation of these cases has at no time 
demonstrated tint diathermv was harmful in aD\ stage or tjpe of the 
disease Further stiidj will undonhtedh reveal the fact that this measure 
IS more usctul m certain stages of the di ease than in others It maj even 
point to the fact that it times it is contri indicated Up to the present, 
however, this 1ns not ocenmd It has not prevented other lolies from 
being affected while one lahe was being tre itcd The few occasions when 
this occurred came however, at a time when the diathermy treatments 
had been markedly reduced because of the improvement in the lobes under 
treatment 

It is believed that the maAed avrnptimitic relief which follows the 
application of diathenuj is gieat cnougli to turn the sc lies lu manj severe 
cases Shorter treatments at three to four Lour intervals during the en 
tire critical stage vvowld be indicated in such eonditiona The writer 
would urge a wider emplovment of diathcrmv m pneumonia It baa 
Bicmcd to him to bo a most bopifiil tv pc of treatment and should he 
coupled with tho sonim in those t'pes of the discist m which serum is 
indicated We mav confidently expect that in the near future our knowl 
edgo of the results of this tvpo of therapy will be greatlj increased 

Pulmonary Tuberculosis — Ihcro has rcccnlh occurred some cban„c 
111 our conception of tho minner m which certain pbvsieal agents plaj 
their part m the treatment ol this condition It has been the writers 
privilege to bo a«sociatcd in a con ulling capacity with Major Leonard 
Wool ev Paeon Surgical Chief, in tlit Pbvsiothtrspeutic Department of 
the Government Hospital for tukrculons cx service men at New Haven 
for the pvst three jesrs He is indebted to Major Bacon for the exposi 
tioii of the thcorj upon which the therapeutic application of exercise and 
ultraviolet light to this discw » hvsed A. brief stitement of the e coil 
(iptioiia 13 necessirv to an understanding of the trntineut ngimo 

The tubercle 1 leiilus produies a toxin to which the Ixidv resets ind 
as a result of which reaction i enabled to build up x cicatricial fibrofie 
''ncapsulation of the bacilli Mithm this fabrous wall tlie bacilli undergo 
slow itteniiatiou in their virulence Under conditions fnvomble to them 
thev undergo development dis olvcorbnak through the protoctiiuj capsule 
and again become a menace Tlie allergenic respon ea of the tissues to 
the invasion of the tubercle bacillus is cs cntial to it« proper defense 
against the organi in In many cases there remains for considerable 
periods a state of fair bilancc in which partlv attenuated organisms art 
surrounded bv a fair arammt of protecting eicitnx the general bodiU 
health remaining below par Such patient* while showing normal tem 
pcratiiro at rest mav exliibit an overaetire thyroid bvportbjroidosia re- 
current colds and tvpieal effort syndrome The e are the patients who 
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Lrc'ik down rcadilj upon the attempt to resume normil activitj To 
piotect such a patient prop«rh, an incrca<»iii^ stimulation to the fonaa 
tion of adequate cicatricial tissue around the tulK.rcle is essential Thii 
stimulus mav bo obtained b^ intentionally stirring up the dormant baeilli 
to increase toxin production B\ rest, fresh air and adequate mitn 
tion the body is prepared for these responses^ ind the bicilli arc at the 
same time ittomiatcd in their virulence This is probably the iimnimo 
logical action of tubercuhu A similar result in ij be obtained by what 
might be called the auio-mocnlation method, using the effeet of ex 
erciscs and iiltraMolct light to attain a systemic rnctiou In seeling to 
bring about tbis result an orerdo'se rnn bring disister Ch/ucalb, tlua 
condition is met with in the too carl> return of llie patient to mifor 
actii it^ or in c^ccssn e doses of hcliotheripy or actmotlierapv Under the 
stimulation of an csccssuc dose of toxin the body attempts to retstalli Ii 
Its lotil defense® but the arcis involved are increased m loth size and 
number and the protecting stnicturo is necessarily vvcaler Baeon stiff- 
gests that the tfFcet of exerci«e is due to changes in the fluids and con 
sequent osmotic pressure, leading to increased absorption of toiins in 
the vicmitv of the tubercles, scattered tlirougliout the spongy tissue of 
the lungs Both exerciso and ultruiolct light, as will be liter howu 
produce concomitant effects, di-vtincflv fivornblo to recuperation if 
graded ‘‘O as to invoke the optimum response The emphasis here madi 
is> to show how their omplovment in the wrong stage of the disease or 
in excessive tmounts mav bo cxtremelv harmful Therefore, these pot^t 
agencies must al o be used with extreme care In that stage of the dis 
ease where the temperature has returned practicallv to normal and the 
active ‘•vmptoms have been arre&ted hv rent, adequate diet and frosi 
\ir carefullv graded treatment by cxerci®t3 and ultraviolt-t light i3 
indicated 

Expretses — ^After the patient’s teraperatiiri. has been prictKiUy nor 
mal for some two to four weeks, the exercises in Group 1 mav be given 
Inything more than the slightest febrile reaction dtmaiuls a furtior 
period of rest before again attempting exercise If a few weeks cmplo' 
ment oi these ^entle exercises produces no untoward svmptoin®, the ex 
cruses included in Group 2 mav he substituted Uiifnonble n^pon ^ 
to tins exeiiise dosagt place the patient back at rest or in Group 
according to the severity of the reaction After four to twelve wet 
of work with this group a patient max be advanced to Group ^ I 
which he IS ready for discharge Irom. the hospital or samtanum an 
should be iii condition slowlv ind grailuallv (u resume his fonaer octupa 
tion These exercises ma> be entrusted to the well trained phvsiotberapv 
aide or phvsical director but must be nnder the constant ob ervation 
the phvsician, who should withdraw at once any patient showing signs 
distress 
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Group 1 

These e-^crci«e3 constitute a seneg of tlouhj perfomifd gentle ex 
erews in which all strain on the client wall and all \igorous breathing ire 
aioided The\ are slowh coordimted arm and leg exercises and lery 
gentle trunV bendings which nia> hi pirformed in recumbent sitting or 
standing positions From two to lour repetitions of each joint moiemeut 
are sufhcient Heat periods are sers frequent diirinj, the ten to twenti 
iiuiuitcs lesson 

Gboip 2 

The pitients takiii^ these (xtriiMs irc i •'cmblcd m regular cla s 
foniiation They ire gnen tin lull immbor of general setting up es 
erci c3 performed it a relatixth slow rlnthtn Sbwlv performed march 
mg tactics ire sometimes luclndcd Throe to six movement's of eich tv pc 
art sufhcicnt Good fonn in the rxecution of tUo movements i« «tnvni 
for hut without speed or snip porioiU arc pveii duriiig, the half 

h )ur period 

Groi 1 <) 

These exercises constitute i_fu«ril suippiK cxciutcd, full ottiiigup 
drill with tho movements ri pelted fuir l<> <ip,ht turns cacli with vigor 
ind speed ^\nlkl^g iiid li^ht „inicsmj> bt intliidcd in this group 
^\h(ii the reaction to this form of <xcrci«< is fivonblc the pitients art 
naiU tor their disclnrge from tbi hospital or samtaruim and i return to 
their former occupation m fine mu mlar eonditiou 

In our govenimcnt ho pitils these ixercisis hm the further advan 
tap.c of dcinoiistrUing both to the men amt to the medical stiff the 
pitients fitness for leave or discharge 

VUraiiolet Lujht — The follow iPr< technic of ipplviug ultraviolet light 
to pitients whose condition was compln lUd with pulmouarv tuberculosis 
has been in opcntion ninn, than two veirs at the Covcnnneiit lulior 
ciilosis Hospital at \ivv Haven and the k ults Invi, proved iniiiicutl\ 
itisfactorv The aine tcxrhnii i apphtahli to patients bufTeriiig from 
urn miplieited tuberculosis Alajor Bacen divides the Ixidv into eight 
zones four on the anterior and four cn the posterior a pect The fir t 
zone ixhnds cn tho anterior surfiti from the feet to the knies the sec- 
ond iiKludcs the interior thip,!i region ind the dorsum of the hand and 
wri t till third the aldoiiKii and the interior part of the fori mn the 

fourth thi < hi toiidneik Z<iies\ MI and ^ III ire eoTTes|M)iiding 
an as on tin posh n ir surfaic of the budv Irradiation with the 2 000 
'atiOh'-piiwcr light for ton iniiiuUs pn-ceiles al! tnatinents This is an 
c cntial p irt of the ngiin 
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TrEATAri.>T 1 

\\ ith the air-cooled nicretirj tung<»teii lamp at a distance of (Inrtv 
inches, Zone I is exposed for one miuute 

Tpeitvent 2 

Zone I IS exposed for out minute, Zones I and II for an additional 
iniiuite Tho treatments protjress in this m inner until all zones luie 
Ken exposed, ^\lth a total time of thirls six minntcs After sixtrH.ri licit 
incuts the series has been completed ami tlit limp is lowered two inelics, 
then the whole anterior surface of the Ixxh is trtated for two minutes 
The next daj the posterior surface is rated for the same length of time 
This proctdiuo is repeited until the lamp has been lowered to twenty 
inches, after which the roiu mcthoil is agim resorted to, increasing two 
zones at x time, instead of one, to n maximum of thirtx gix iniiintes Thw 
Tiry gndnil incicx«o hns enabled our worhuig: xip to irnximuin in neaTlj 
p\er\ case without producing inmnsod febrile syiiiptoms 

Hydrotherapy — The hte Simon Bmicli, m liis text on L\drothcnp\, 
calls attention to the «tunwlaiive effcxl of cool and cold wifer applied to 
the skin in pulmonarj cases The water is first applied at a tcmpcntiin 
of about 00® F and given at i slighth lower temperature m each bik 
cccdiRg treatment as the patient becomes used to it It mav be applicff 
as a spon^o bath or b\ means of the fan douche and should never be given 
at a lower tempenture than 70® F A distinct gam in appetite, Meep and 
weight IS claimed for this method of troitment It would «cem to be 
indicated in that stage of the condition in which active exereiso his been 
advised and should be carcfiilJv watched for the appevrance of unfavorable 
symptoms in exactly the same wav as has been advised when exercise vra3 
given 

Massage — In the beginning of the quiesce nt period, at that stage m 
which restricted use of genervl mild exercise was advised general mis 
sa^e, consisting of mild petrissage and effleunge, maj be emploved wit 
advantage to the patient 

In a light general treatment or where the four extremities oulv am 
included, only about one-third of the tune should be employed as m t e 
average general massage treatment 

In the terminal stages of the disease, no procedure brings more com 
fort to tbe patient than gentle general massage It is possible to impro'*^ 
local circulation impeded by pressure and immobility and to prevent or 
delay the appearance of bed sores 

Pleuritis — The pain incident to the acute inflammation of the pm^v 
can be rehev ed by local intensive radiant light and surface high freqweiwr 
or direct diathermv The 1,600 candle-power lamp at a distance of 
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teen to eighteen inches for thirty minutea will produce a marked analgesic 
effect 

Diathermy should be applied by large flcyihle metal plates, so ar- 
ranged as to be onlj four or five inches apart on the affected side of the 
chest In this pcisition, beside the throng and through heat a distinct 
edge effect is produced The current will flow in greater density through 
the subcutaneous tissue hetuecii the plates and heat may be produced to 
tolerance Use 1,000 milliamptrts for tlnrtv minutes 

With simple effusion the same teclmie is continued to promote drainage 

Empyema —This complication retiuirts surgical drainage \\ ith dram 
age established and even the in titution of the Cirrel Dakin tcchnic all 
iiws do not progress favoribK It was m this tvpo of case often fur 
tlur (omplicated with osteomyelitis <t the resected nb stumps tint physio 
therapy attained some of its mM hrillisiit results m the miny post 
iiiflucnsa ca«e3 of this type \tlnch oecnrre<l m the Army The treat 
ment, as given does not interfere in the shditest degree yvith the proper 
surgical procerlures including the Cam ) Dakin tubes 

Jlajor C 'M Sampson and Captim A B Hir«h treated a yerv large 
group of empyema cases at toy Hills Oencnl Ilospikil later the Hoff 
General Hospital of the Arniv 11 k se were largely due to infection by 
tlie Streptococcus hemolvticns many of the scquel-n of the influenza 
pneumonia rcmaiiung 

The object of the treatment is to inenase the local arterial blood 
supply and both the quality and quantity of the phagocytes. Radiant 
light used alone did not produe* a marked effect When combined with 
direct diathermy howoyer the resiilu were icrj satisfactory The first 
case treated had become steadily yyor*c after nine nb resections, and had 
thirteen discharging sinuses 

Tadiant light, from a 1 500 tandlc-powcr lamp for fifteen minutes 
was followed by direct diatbormy applied ric,ht over the scars and dis 
charging sinuses At fir«t o<K> iniUiaraperes of current yyere used 
gradually workin,, up to 2,000 milliampercs for one hour General ir 
radiation yvith the air-cooled ultraviolet lamp yyas used, yyuth increasing 
timf starting at tyyeuty four inches for two minutia This ca«c was en 
tirely healed m a comparatively iJiort time 

2«agelachmidt Howaschiek and twherton have all attained equally good 
results m tho application of diathermy to empyema It is clearly m 
dicated in all forms of pleuntis 

Adhesions — CiimUrbatch has bad results m troiting the e ca es with 
ehlorin ionization Tho yvritcr employed in his armj ca«es a cotnbina 
tion of diathermy hv the technic dt cnhtd aboye and deip-breathing 
tacrcises. 

Th< o gradcvl deep-brevthmg iroercisos should ho begun cirly yyhile 
tho patient is still a lied cisc They promote drainage and priycnt the 
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formation of adliesions Ouec formed, idlicsioiis maj bo stretched and 
broken up by tbeir use Slow, deep respirations of the “pecfonl tjpc 
are gnen, with prolonged «s,t periods. Tbe^ may, uith advantage, be 
is ociated with bilateral arm abductions, avbero possible 


DISEASES AND INJURIES OP THE SKIN 

The u«p of radium N ray and ultraviolet light m the treatment of 
various pathological conditions of the skiii is a recent and npidli spread 
nio development in therapeutics The relitiio mIho of cich of thee 
measures has not been definite?! determined m cierj iiistmcc Tk 
proper selection of the treatment cannot bo stiiulardized until the derma 
tologists ba\e thoroUgbli tried out all of thesi meisures m cases where 
tbeir application seems to lx indicated Broadlj speaking, this general 
statement bolds true The&e physical agents are ^mewbat similar m 
action, as would bo etpetted from the fact that tbej arc derived from 
adjoining uaic-lengths of light yibration In most dermatological condi 
tions amen ible to tre itment bv both X ra> and ultrsnolet light, tlit X rav 
IS usually quicker in its action but lias a greater tendenc\ to scar the "hiu 
and, except tinder most careful technic, has certain elements of dinger 
not intolved in the use of ultraviolet rus In general and diffused con 
ditions, like acne of the face, tthcre teniporart evfoliition It ultraviolet 
light might be di«advantageou , the X rat is to be preferred lu most 
sharply localized conditions, the absolute safety of ultraviolet light is a 
point highlj in favor of its use 

Alopecia — The general falling out of hair in earl^ adult life jields, 
as a rule, most satisfactonlj to the proper application of phvsiotherapv 
Bernstein uses the air cooled all mercury burner at twentj four inches for 
ten minutes, increasing hve minutes per dav to a maximum of thirtv 
mimitcs He treats the parts everj other da\ for tbrte treatments an 
then twice a week M i c uses approximatelv the same techiuc with t e 
treatments two aaeeks apart, and calls attention to the necessity ^ 
moving the scales if seborrheic eczema la present One should reduce 
the time bv half in using t?ie tungsten mercurv aircooled burner t is 
better to move tbe patient a head or the lamp slighth , during the treatmen , 
so that the hair shadows will not prevent the liobt from reiching a 1 pa s 
of the scalp , 

e have found a combined technic to be still more efBcieut I rfc ^ 
ing the ultraviolet irradiation at the tune, distance and dailv incremen 
mentioned, we use about eight minutes local application of the ‘>u 
non vacuum high frequency sr^alp electrode which is made m the orm 
a coar«e comb Tbe ordinary small surface electrode, however, mav 
aised m«tead of this special one A flexible metal electrode may “P" 
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plied to tlio ^rist of the operator oi pitiint and a fingertip massage of 
the sealp 'wliich localizes the high frpqupiic> stimulation ma\ then be given 
This may bt substituted for the ippluation of the high frcquenc^ electrode 
directlj to the scalp 

It will be noted in many of these cases that the scalp is quite tight 
and the locil circulation thcreb\ sum* what impeded With the palms 
pi iced o\er the fortheid and occiput tlieu on Ixjth temporal and finally 
on both parietal, regions it may lie laoscueil omewhat by circular knead 
ing moving the whole scalp on the skull It is quite usual for the hair 
to stop falling out and for the lUhiiv which generally accompanies this 
condition, to he entirely crnln ited at tlii first treatment 

Treatment should ho four times a week for four to twelve weeks to ae* 
(omphsh lasting and satisfactory risult? 

Alopecia Areata — In this < in liti ni the ctiologv w ill to a lar^,© evtent 
determine the success of the trcitment Certain types arc amenable to 
treatment by the technic just given aboye 

Acne — In scicrc ci^ey ol icnt it is noccs irv to seeme an exfoliation 
of the skin to produc' a listing result and the patient should be par 
ticularly warned in regard to this c«pc<ialK m the treatment of the face 
The few days of disfigurition ito rendered well worth yvhil© by the re- 
sults obtained in most casts Firtunifih the face responds particularly 
well to a thorough treatment (.crtain writers among them Clark give 
an initial dose at twche inches for t<n minutes producing a suddon and 
sharp reaction Boni'>tein uses in initial time of fi\e minutes di tance 
thirty SIX inches adding ftyc mimitcs and decreasing the distance sis 
inchos at each sub equent treatment to maiimum of twenty minutes at 
twelve inches lie ,^tyes one tieatnunt eiery other day until three haye 
licengiycii then twice n yicek if furtlur trcitments ire neecs ary 

Oliycr points out the efficiency >f ultriyiolot light in acne vulgans 
which miy bo gnen hv the teihiiic mintioiicd aboye or with compression 
hy the surface applieator from the watircooled licht three to fiyc minutes 
PiUher states th it the \ ray icts more quickly but w ith greater li 
ability to the formation of se its and telangiectases 

Angioma — This condition may lie treityd yyitli the. yviter-cooled lamp 
surface applicitor yyith comprrssun from twenty to forty minutes ro- 
pe itedeiory three wyeks leyyis loms Gmlkiont and G Betton Massey 
treat this conditnn by electrolysis This miy be done by the bipolar 
liutlird yiith Ijoth iicealhs in the tumor or b\ u ing a single needle and 
thf iiidifTerent ehefredo placad el ewhere Jones yiork at bt Bartholo- 
mew & Hospital III TiOiidm has been ytry uceessful and he adyi«cs the 
earliest piissihlo treatment of tlu^ condition bcenii e of its npid groyvth 
ni infiut The object is to coagulate the blood in the tumor and destroy 
the w ilh of the dihtcd yes e! oblifcratiiij, the eayity y\hile not destroy 
in^ the overlying skin. The po itiyc pole needle mu t be platiuiim and 
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the negative ma^ he steel Thej ahould he jusulated rath haii raller 
or shellac so that the\ ina> pass through the healthy shm Tvitbont 
destrojiDg it From twenty to forty minutes of current is used, accord 
jng to the size of the groirth Large groti ths rcfjuire multiple needle* Id 
growths less than two centimeters in size, a single positive needle should 
be u®ed with the negatne electrode placed at a distance General an 
csthcsia IS sometimes necessary The time necessary to destroy the iralls 
of the lessel is from three to five minutes Rareh more than two appli 
cations are ncccs ar\ William Ij. Clark, of Philadelphia, u«C3 dcsicca 
tioii With high frequency current with good results His technic is that 
attributed to him and described under Desiccation He states that radium, 
howeier, is a method of choice in very large growths 

Bums — hirst d^ec burns from any cau«e may he treated bv pro- 
longed radiation at about thirty inches by the radiant light Second and 
third-degree bums present a number of problems The he t surgical 
opinion seems to bo leaning toward the conception that the«e injnne* 
should alwais he considered as infected wounds Sealing them in with 
some typo of paraffin preparation occasionally gives brilliant results and 
does greatly alla\ the pain, hut it is not alway s a safe procedure 

Any method which will arrest the pain, dry up the exposed area, 
stenlue and at the same time markedly stimulate the new growlb of 
cells may he considered an ideal procedure This ideal combination we 
have at hand in the uUrayiolot light Those who ha\e employed it peak 
most highly of the results they have obtained with it The air-cooled lamp 
should ho u«ed, with the all mercury burner, the initial distance is twenty 
inches and the time throe minutes, with one minute increment of daily 
treatments With tho mercury tuugslcn burner, the initial tune is one 
minute and a half, with one-half minute daily increment Between treat 
meats, dressings of sterile, dry gauze, not thick enough to be impervions 
to the air, are desirable . 

Where skin grafting is ncccssan, the ultraviolet light should be carv 
employed as an aid In fact, it is certain that the wider u e of the u tra 
violet light will decrea®e the indications for skin grafting In 
hums, involving tendon sheaths and other subcutaneous structure*, on^ 
continued u«c of ultraviolet light with the same technic as above 
will greatly toughen and thicken the layer of new skm formed 
sage, particularly friction and vibration, and radiant light will oc^ 
adhesions and promote increased va«cularity X ray and radium ^ 
should always he treated with ultraviolet light by the same tccbnic. ^ 
have seen, especially in X ray hums, the most astoni hing re*al(8 in^ 
number of army ca es where skin grafting had been thought nece^- 
and was finally not employed- ^ 

Boils — ^W ise states that no other remedy is as capable of 
and skm tension as rapidly as ultraviolet light in furunculosis. 
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stem uses tlic air-cnoled lamp ten to fifteen minutes at twehe inclic care- 
fullj coTcnOg, the surrounding tissue The greater bactericidal prop- 
irt\ of tho crater cooled lamp would indicate its use with farm gentle 
compression from the quartz surface applicitor Tho length of the treit 
ment m ly extend from file to twents or cren thirtv minutes with no ill ef 
feet Surrounding areas should he carefulU protected with adhesiie 
plaster or other covering 

Onr own recent «cries covers about seventj five cases Those cases 
appearing, for treatment Lefore the central softening had occurred were 
aborted almost without exception b\ a single exposure to quartz light 
\liout four fifths of the totil number of ciscs in our senes is included 
in this group Jlore advanced condition'> should boincised and surgicallv 
cleaned Onr technic consists of the ipplication, as do c as is tolerable 
of tho 1,500 candle-power li^t for Un to twontv minutes followed bv the 
water cooled ultraviolet h^hl through a localizer or with comprt sion if 
possible for five to ten minutes aher which a dram is inserted accord 
in^ to tho routine surgical procedure Tins technic is repeated daih after 
the old dram lias been rctnoveil and the boil cleaned The period of 
sterilization and filling in with new tissue to complete beahng is iiivansblT 
reduced from 60 to 7o per cent bv this cmnlnncd technic It is an ideal 
illustratioii of tho corn latiou of surgical and pbvsiothcrapeutie procedure 

Carbuncles — Tlu«o are treated b^ cxictl^ the same technic uud with 
tho same indications as regards mci«ion and drainage This condition 
ton in the carlv stago is freqncntiv aborted Poth with carbuncles and 
boils extreme induration is often present in the surrounding tissiu This 
stasis impedes the proper vasciihntv of the part and is usually one of 
the causes of tho excessive pain common m these conditions The m 
duration mav be greath dimini hed by tho use of tho static effluve 
itcehanical removal of tho surrounding induration hould bo followed bv 
an effort to increase the active blood supplv to tho part As has been 
repeatcdlv mentioned this can bo done in no wav so well ns bv diathermv 
We find in this condition a special uxe for the edge effect of heat con 
ccntration in the skin and subcutaneous ti sue between two closclv placed 
electrodes Flexible metal plates are therefore selected containing from 
three to six square uuhe prepared as usual and applied opposite each 
other a short distance from the infected tissue V small amount of cur- 
rent from ‘iOft to COO inilhampcrrs is n ctl The relief from pain is 
often almost immeihato and the acceleration of tho healing process i« 
as a rule naibK hastcuod 

Callosities — TIu t cumliti ins hoiild bi softened bv prolong! d soaking 
and 1 V tin application of the ordman com mixtures This mav also l« 
accompli hed by sodium ehlond lonizatiou using 2 to 4 jxr cent silt 
solutnn on the negative poh applied direttlv to the callus, giving 8 to 
10 Tnilliamperes of current for thirtv to fiftv minutes If not then re- 
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niovnllc en vim^c tlic callus diould lx Rlin\cd or acrapcd to as prrat a 
flcg:rco ns possible «itliout cmsin^ Mc(diii„ It nnv fiien again k 
louiztd after the tcclmic just described or treated -witli tlic large quartz 
siirfucL applicatoi from the air or water-cooled liltriviolct lamp, naing 
twciit} to tlurt\ minutes with firm comprc'^sioii Kceurreiices cm, aa a 
rule, oiah bo preaeiitid b\ a proper redistribution of pressure or aieiglit 
which was the urifjinal cause of the cillus formation 

Eczema — 1 (/'ciua l>eiu„ a group of conditions rather than a sin,,le 
cntita , results \ ar\ w idelj m the dilTeretit ta pcs As h as hmi mi ntinncd 
befort rather mild doses of general ultrsaiokt Jight hnve hrouglit on a 
form of cczeini in seatral arthritic cases When ultnaiolct light is cm 
ploacd p irtK ul irh m local ccrematoiis couditions, it should be giacn in 
tensuelj Lar^e ore is !na\ be treated b> menus of flic air-coolcd light, 
with iiiitinl exposure of tiei niimatis at tliirtj sik inches, decreasing the 
distance tiao nidus and increasing the lime five miniites dnilj to n mixi 
mum of twenU inuautis at twehc iiiclits This is the technic of Birn 
stem ^\o hue found, csi>ccinll\ in our chronic cases with tliieh ex 
coruated skua, that it is Ixttcr to gixc a massive dose at once, trvitig to 
ohtniii a coniph tc peelmg of tho epidermis follow iii^ the initial tnatmiiit 
Prom three to ten minutes at twelves iiiclws with the nir-coolcd lamp will 
iismllv accomplish the desired result With tho formitinn of new «kin, 
tho itehiUf, lias p.enorillv cutirclj disippearid In laniiv cases it is tx 
trcmolv ihtrieult to ohtan an even opplit itioii of the light *'kin and 
mucous memhnne folds must l>c eirefiillv ohliterntod and all pirt* 
tho surface to ho trcitcd should be, as far ns possible, oquallv distant from 
the burner 

Epithelioma —Tho squnnom cell tvjio of opitJjclioraa xnav at timci 
ho destroved h> intensive doses of uUriviolot lit,ht It jidd“, however, 
so much more n idilv to the separate or combined application of \ rav 
and radium tint lie use of cpiart? Ii„ht is hirdlj justihihle Jlctastatie 
{ xtension of tin and other malign iiuics often require intensive exposures 
to tho X rav which horder on n destructive skin dose Tlicro seems to 
he no question tint a rtgum of ultraviolet light capeciallj m tiiose w lo 
tan, will protect the skin somewliat from X rav hum Just how far t iis 
protection extends and to what d(p,uc it will tnahle us to iiiultip v ir 
X ray dosage, has not lu on vvorkid out definitelv . 

In advaiued apithclioiins, with Rloiijiiiig uud olTensivc discliargt, ic 
ultraviolet lif^ht is most useful m 10111111117111^ these distnssiiig 
Ihero are miiij cises Uyond Bur„K il aid when intensive do es 0 
heht XV ill clc in (lu fu M to a degiii amapproathed b\ pricticillv anj 0 1 
means at our toinin iiid , 

Erysipelas — A suipnsmg amount of effect upon this condi le ^ 
been attained hv such a eimple procedure ns the applicition of ra 
]i"ht This meisiirc fthoiild lie applied to tolerance for several lOUrs 
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po-^siLle The use of ultrniolct light has been sitcoessfiillj emplojcd 1% 
scrcnl unttrs Tho tcehnic as gi'eii bj them is practicsllj tlit s.imc 
initial distance thirt\ si^ mchts time h%e miimtes lowtriiij' tho bmp a 
few inches d ul\ to eighteen inches md mere win., the time to a maximum 
of five to fifteen minutes dail\ Ircatmtiits ohoiild be gi'tu on iltcrnatc 
dies It IS difticult to see \\L> with the sniroiindiiig iria properh pro 
tcctcd, a destmetico skin dose of nltmiokt ten to fifteen inches for 
tin to fifteen niinntcs, depending upon tho tspc of lamp used, should not 
at onee he 

Erythema Induratum — Oliver reports n number of cJ cs successfully 
trested by tho water coiled iiltnviolct bmp He csrefulh protects the 
licaltliv surrounding «kin and uses eximpresaion from one to two minutes 
directly over the affected area 

Leukoderma — fooine^ secimd bv means of the aircnoltd light a 
eiimpletc pigmentation in some ot the nfftctei! areas nf tin <kiii and In 
w 18 able to obtain some degree ol piapieiitutiou in all an as treated This 
mw pigmentation p< rsisted for months with uo appreciable fading lor 
tiinatoly tho results secured m the tre itment of areas on the face were 
the most satisficlory of an\ pirt of the bodv In oreis oi tho bodi 
normollj covered by clothii)^ onK partiil pigmcntition inij lie ccurod 

Lupus — In tho crvthcmatous tvp f I «rk i><«eure<i ^ood results lu twelve 
iisis of this condition usm^ ultriviolet li,lit with compre sion for 
tliirtv five ininvites 

Clarks group nf ca fs of lupus vulgaris wore cleared up bv not more 
than three exposures IK einpl ved the sime teehiuo as in the crvtlio- 
inatous type Iiuseii has sexuired good results with tho u»i of tlie earboii 
arc lamp 

Nevi — The flat tvpc of luvi vield quite reidilv to intensive does 
of ultraviolet light with finn orapressiou It is ncct sarv to scxrure a 
gold bum and blistering to obtaiu a atisfactorv result As much as .^0 per 
cent improvement often follows a single application Clark Pemstein 
and Oliver iniplov a praeticiillv identical technic The surfice quartr 
applicator w ith the water-cooled light and htav v compression is u ed from 
twenty to fortv minutes repe eted iverv three weeks ns long is it is 
uceessarv I revost trevts the former tvp hv ur^ical ionization with the 
gdvaiiic current emplovnig > niilliimpres niul u in„ a tecliiiic similir 
to that described for tin destmctiem of aii^teima 

Psoriasis — The trevtment ot tins condition ^.ivcs quite varu'el results 
mid tho gi iirral tendenev is to a n cum nee Lsiiig the atr-eooled quart/ 
lamp Beriistom and others stirt with an iiiitiil dislmce of thirtv-six 
iiiilic which is ndiiceel grielmllv to twelve and an initial tiuu of ten 
Tuimifis nun i cl gridiivllv to thirtv I\ith thi fiirnuuuling ams pro 
t itei! then cui l>e no ohjcelim fe the mire prcihiigid initnl espwure 
u 1x1 li\ ^\^vl aiul Oliver, who tmplov fnratlsestirt the ui utmuun do c 
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of Bernstein’s technic Treatments ma^ be given every other day with 
the former ind once n iveek with the latter technic 

Pruritus — This chrome condition is very common and very rtsi«tant 
to all tv pcs of treitment As is well known, the pallntive ointments to 
which moflt patients turn for relief tend, in the long run, to aegravafe 
the condition Undcrl>ing constitutional causes must he considered and 
whore possible remov ed There ate many cases in which autogenous vac- 
cines and local npplieitions of all sorts bring no relief Eadmm and 
X raj are often useful, but are not always free from danger Ultraviolet 
light has definitclj ind ratlicr permanenth relieved a good many of 
these conditions Quartz surface applications with compression from the 
water-cooled lamp are to be preftrr^ in those locations in which it u 
possible to use them Folds of skm and mucous membrane mu t be flat 
tened out so that the compression and irradiation will reach all portions 
of the affected “irea in equal concentr-itioo. i destnicliio doee of t™ to 
four minutes is indicated 

In pruntu? semlts Prevost has secured results hv the application of 
static bnish md high frequency efflurc in conjiinction with the Srav 
Rolfe reports very satisfactory results m thirty uncomplicated casfa of 
pruritus am of from eight months to thirty five year#’ standing Erom 
twelve to fifteen treatments wore required bv his method of zinc chlorid 
and lodm ionization winch relieved at once the intensitv of the svinptoins 
An almost complete relief from the itching persists for one or two doj* 
immediately follow ing the tre itinent, and the return is less inten e each 
time During the cour&c of the treatments no locil applications an used, 
hut local cleanliness is insisted upon Rolfe emplovs a 2 per cent zino 
chlond solution The ordinary galvanic plates ate u«td, except that the 
active circular electrode la provided with a flexible metal back which caa 
he bent and carefully shaped to the contour of the part to be treated T ® 
patient is placed in the right Suns position with the indifferent c ec- 
trode under the right buttocks In moist mvcerited conditions of t t 
skm, the zinc chlond applied bv the positive pole is used for two or t ^ 
treatments following which lodm is employed He uses Lugols sou 
tion diluted with four parts of distilled water at first, later less lu® 
solutions may be applied The lodm is applied from the negitive poe 
as the active electrode Cotton may lie soaked m the solution and 
applied to the part with the active pad placed over it A rather oCg 
treatment, from thirty to fortv minutes, is indicated, u«mg onlv ^ or 
milliamperes of current Treatments miv be given daily at hr®t, 
twice a week Rolfe rightly emphasizes the value of continued 
at weekly intervals, for a short time after the disappearance o 
symptoms ,, 

Tinea — This condition, will often yield to intensive do^es ot 
violet light Air-coolcd or watercooled irradiations may be given at 
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to SIX incliPS distance for tiret to ten mmutc^ rrpeated t\crj tLird dav 
as long as is necessary 

Telangiectasis — This is best treated bv tLo w iter-cooleil ultraviolet 
light using surface application with compression. It maj be giicn from 
ten to thirty minutes and repeated everj ten dajs or two weeks, if nec 
essary 

Ulcers — Ordinary vancot^ ukers will bea! as a rule more ripidU 
wider the application of ultraviokt light than bj the usuil routine sur 
gienl procedures An aircooled lijdit is to be preferred to the water 
cooled, except where there is much infection, when the u e of the latter 
13 indicated Stowell emphisizcs fht xahie of preliminary snrgicd 
cleansing and tho use of static spirks and cflluic to reduce the induration 
of surrounding tissue when present Tins will greatlv assist in relit ving 
the hnnphatic stasis and rciD'-litutiug the normal blood supph The leg 
should be kept clexated during the entire treatment and after tho treat 
went should bo bandaged firmly and c\cnlv from tho toes up while still 
elevated 

Tho ultraviolet liglit «hould be applied in stimulativo doses, the initial 
one bcinj, from four to five minutes at thirtv lucJics, with a reduction of 
distance to eighteen inches and an men i«e in the time to a maximum of 
twtntj minutes Tho treatments vlionld be given cverj second or third 
dav \\i 0 reports prompt healing m mauj ca cs o treated and Oliver 
speaks of almost umformlv go>d results m twcnlj five of Ins cases which 
were healed with a good thick, new tpithcliuin Oliver exposes tho skin 
for about an inch around the ulcer and u cs two minutes at ten inches 
onco a week In my cases I have cmplovcd radiant light for ten minutes 
followed bv the ultraviolet hp,ht and have u <d Jiia««ago as an aid m the 
removal of the cimmonly aswiaU J IvmpUatic stasis 

Ulcers of the pressure vanctv following the removal of casts or the 
ordinary dccuhital type are treated by stimulating ina«sagc of the sur 
rounding tiisucs the reinosil of Ivnipliatic alnsis he static or massjgi 
and by tho direct application of radiant light and ultraviolet light with 
a similar tcehnie to that just given. 


DISEASES OF THE GENITO URINARY SYSTEM 

Amenorrhea — Ca cs where operative procethires are not indicated 
may bo treated b\ physiothcrapv 

This condition when as ociated with neurasthenia and low blood pres 
sure H anicnabh to tn itinent bv static clurp. from the negntive pole 
^^^lcre anemia is pronouncctl a couiM* of general nctinothorapv should Is 
given Tiirrcll has socurc'd good re nits bv the n«o of diatlicrmv Fight 
to twelve hundred milliampcres should be given for thirtv to forty min 
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utcs ;Mth one electrode on tbe liimbir region and the other ipphed over 
the 01 tries The phtc ‘diould lx- about five tight inches The trial 
incut IS begun a netk before the ejected period and continued dailj 
until menstniatJon begins 

Dysmenorrhea — letvis Tones and Cnmbcrbntch tthisc the emplov 
ment of static thargo tilth efflmc to the lumbar spine bej,inaiiig a week 
or ten da^s before the period and discontinuing the treatmint at its onset 

liirrell Ins secured rosiills tilth dinct dnthermv, using a J-irge in 
ditftrent electrode oitr the lower hack tud a snnllcr actnc electrode over 


each oiarian region in turn, 2,000 miUiamperts for ten minutes la each 
region Treatment should he instituted three dijs before, and may he 
given during the period if tlic piin is severe 

Exercise — Jloshcr, Drew ind the writer have repeatedly cmplnsized 
the fact that women must bo t'lUfjht to rOpird jncnstrmtion as a perfectly 
normal function and not as an illness The vilue of lijit exercise diiriDo’ 
tbe entire period m the nb cnee of real patholngv has been proved 
itanj cases arc duo in part to f uiltv posture, improper cJothiDC con 
stipation and other conditions which must receive ottcntjoii TVarin bvth 
iiig 13 not onlv sate but advisable 

^ alkmg class room oxerci&es, light floor work and tactics should be 
given Without interruption \ loknt athletics should gcnewllr be lUier 


dieted for two or throe davs 

Special exercises «hould he given to all «eiert, ca«ca The effect of 
this exercise treatment in a larse group of college women, reported hr 
Clelift Jloshcr of JeJand Stanford Umvtrsitv, his been to shorten the 
total length of the period, diminish the pain and improve the mental at 


titudo of the patients 

The patient is placed in the supine lyin^ position, knees flexed One 
hand without pressure or % email book is then placed on the abdoiuen 
The patients attention is directed to the nising and lowering of f ® 
abdomiinl wall to the grualest possible decree without straining hi sow, 
deep respiratorv movements Tlius tbo diaphragm is used as a buctioa 
pump to deplete pelvic conge tion Ftvv to ten npotitions of the « 
ercise are advised morning and night tverv dav including the men tm 


Endometritis — Few conditions arc more 'iatisfacfonlv treated than 
this one bv electrotherapeutic measures Except m the presence oi 
tal tags, ionization has even advantage over curettage in the treatmen 
endometritis It is more safe and less inconvenient, requiring no 
preparation, hospitalization or loss of time Every part of the eudometru 
is reached, everv crvpt of the mucous mcmhruic i'* penetrated 

W J Turrell emphasizes the necessity for tmploi a correct tec m 
He surrounds the patients lower abdomen with a bath towel wet 
saline and binds on the metal pad eompletelv around the body over 
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fowcl The metal p d is then connected to the negative pole of the 
gahanic michiiip Zme or copper bounds maj be « eel as the positnc 
pole The former are cLo en when the septic disuhargt is pronounced 
and the latter in cises nherc there is much Weeding The sound selected 
IS lubulatid in its vaginal porticn h> rubber tubing lurrcll treats cervical 
erosions at the same time bv wrappuij, a piece of absorbent cotton Bonked 
in a 2 per cent zinc sulphite bilutiou iroimd the sound and applving it 
to the os Tilt pitifiit IS phted m thi Sims ptsition, the sound care- 
fully introduced niid tin (iirnut tiiimd on icrv graJinlh Tuciiti to 
lliirti milliampero of eurrnit iix u d for hftcen minutes If psin 
otcurstho current should it oncebt rtdmed Ciscs uliieh dcitlop even? 
oianau or tubil pun diiriii^ tiiittiimt should be rtftrrtd to the sur 
gpon at once for i thorDUp,b rc< x iimiiation If an% difheulti is en 
cnintercd in the rinioia! ot tin sound Curabcrbatch Ins suggested revers 
ing the current for a hort iKrnnl ot low iiitensitv This will permit casi 
withdrawal Ho nnd Sloan iw a glas bpcciilum. 

Cervical Erosions — Ibc tochnu ot trcUiUe. this condition Ij zinc 
ionization with the gahann current La ju t been described in the treat 
meiit of endometritis 

Tlio pcrfiction ft the «niirtz «pccnliiin now permit? the spplicitioii 
of ultra-violet hUU dirceth t the cf rvicil IfMOU One or two minutes in 
dircit apposition should U givui fr m the watcr-iooled lamp with light 
daily increase in the turn «»t tin ixpo im 

Improved circulation ini\ lx ccimd bv the application direetlv to 
tho cervix of the lii_li fru|iitmv vii^uul clcetrodc Bv the ii o of this 
internal electrode and a surfuei plali <leitrod« about six bv eight inches 
in size a direct diatlicrmn eiiinutniiv be given which will greatlv hasten 
the hciling of old lesions EiJit to fwilve hundred milliampi res arc 
used for twenty nunutes The siirt lec pi itc inav be applied to the lower 
abdomen and lumbar spine at alti mate treatments 

Infantile Uterus — In»te or B F Ilir t of tho TJnivcrsitv of Penn 
svhann In? described a tcchnic whirh Ins l«een verv succe sful m the 
dcvclopinciit and rcstorition to fmictim of the infantile tv pc of nli ni It 
IS usiiallv pnseded bv ccrvicil dilitilion and a coimc of corpus liiteiiin 
and pituitary cxtrict vvhicb aliur often givi no results Ho la cd Li? 
work on the tlicorv that the uterine mn cle can lx, divelopcd bv elec 
tncal stimnhtinn as cm am other atropbicil or poorlv developed mii«elc 
Ills technic is as follows 

A copper electrode is in erted into the nUrmc cavity with the neces- 
sary a (ptie proeniitions \ lirge poiiji electrode is placid over the ab- 
domen tho pitKiit IS thin ,.iren galv mism with tin negative poll in 
the nlcm ') to 12 inilliampens fins i followeil liv ripid and slow 
fiiradism tunlh bv the 8mu>oidal eiirnnt the tn Hment eoiitimiing for 
twentv minutes and bcin„ applioil ever? other dav iiiterraitled in ca c 
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the monstruition occurs, but othcrwiso continued for about tlinc months 
Results are not secured b\ lets than six uechs' trcitracnt ho infec- 
tion of the endometrium or of the appendages follows this treatment, but 
naturally the greatest care in aseptic technic is ncccs'«ar\ The use of both 
farndic and sinusoidal is prohahh unnecos3ir% 

In case tho ccrMcal canal is too narrow to admit one of tho copper 
tipped electrode made for intn uterine use, a narrow, flexible phtimim 
electrode is cmplo^ed which is pncticill^ indcstnictiblc Another 
suit of this treatment is the pormnnent enlargement of tho conical canal 
hj clcctrohsis so tint the dysmenorrhea, which is an almost constant ac 
compiniracnt of the lack of phxsieil dcielopmont, is iisiiallj pemnnentlr 
cured 

G Betton Ma«<»cy craploxa a similar technic, giving the intraufenne 
treatments hut once a week lie points out the contra indication for this 
technic m inflnminntor\ conditions of the tubes 

It would seem hero, too, tint tho selection of either the faradic or the 
sinusoidal current should suffice, if combined witii the constant current 
pelvic Inflammatory Conditions — Sperling obtained 50 per cent of 
Bubjcctue cures and 43 per cent of relief of syTapfoms m a \anctr of 
these conditions in one hundred and ten cases lie used direct diatliermr 
Contiimod treatment was required in some ea«es 

riio greatest caro must be exercised to exclude cases in need of sur 
gicil intor\cntion on tlic other hind, iniicli inav often bo accompli hed 
m many cases unreheicd hy p-illiatixc procedures 

Great relief often follows pioloiigid radiant light of high caiidle-poww 
followed by gentle, long-continued diathermy, which may bo giict^ ^ 
meins of anterior and posterior surface phtes or bi alfeniatiag them ami 
using the vacuum or noiixacmim aagiinl electrode ns tlic other pole 
Thirty to forty minutes’ use of n current of 600 to 1,200 millinrapi-rfs 
indicited 

Many eases of low grade chronic inflammatory conditions arc aswi 
ated With a porsistmt chronic pwsivo congestion of tJio entire adnes'i 
These patients do not take the general cxcrci«t which incrcwcs tbo re- 
spiratory excursions of tlic diaphragm ami tends mechanically to re 
this congestion ilierc sliould, tlierefon,, be given m association with t a 
radiant light and dintliormv, gentle deep rtspiraton exercises of the » 
dominal t\po, two or three times daily The patient <111011111 be m t 
dorsal recumbent position with knees rused and take five to fifteen < cep 

respirations i, IJ be 

As soon as local tenderness and pim arc iclievcd the patient shou 
encouraged to tako light excreiso of a general tvpe Cases comph'^'i ^ 
by chronic constipation may, as soon as the cessation of local tendtrne 
permits, begin tbe series of abdominal exercises outlined in the trea 
of that condition 
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Enuresis — A toning up of splimrtenc mnsclt and nerve control 
sufficient to abate this condition has often been accomplished by electrical 
stimulation 

Turrell employs a coarse wire faradic current, applied to tolerance, 
by electrodes placed on the penneum and lumbar region for ten minutes 

In adults tho application of the static induced current from the uega 
live side of the static machine b\ means of a rertal electrode, has given 
good results in a, number of cases A slow sufj^ing current is used for 
ten to fifteen minutes 

Gonorrhea “In the female this disease is often extremeH resistant to 
treatment Ivjaw has found the o^ini 2 >ins to be killed in six hours at a 
temperature of 40 C m three hours at 42 C and in one hour at 44° C 
Ilia pntieuta withstood a temperature under diathermy of 44 5° C for 
hours without harm. He used one \jgmal and one surface electrode for 
three hours at times extending the time to nine hours with three hours 
intermission The temperature ma\ be checked by thermometers in i aenm 
or rectum No other writer craplois such Icngthj treatments or speaks 
as certainly of obt lining a cure 

Von Buben reports a number of cures bv the use of dintbcrmv m cases 
which were resistant to other methods 

Zino nr copper ionization b\ the technic described for endometritis has 
been used with success by Cumbcrbatch and others 

The combination of Kjaw s intcnsice diathermy regime, with direct 
irradiation bj uUraaiolet liplit from the water-cooled lamp bj means of 
the quartz spenilum should pro\e an efficient means of treatment 

In the maJe th< late V J Morton used n zinc or copper ionization of 
tho entire urethra Breiger ot Berlin employs prolonged radiant light 
directed on the urethra 

Diathermy has been applied with one surface suprapubic and one metal 
sound ehetrode using low currents of 100 to 300 milliaraperes for thirty 
minutes Great caution is necc s>ar\ with this technic 

Complicating orchitis and epididvmitia are treated bj radiant light 
and diathermy, a <up'«haped electrode bring applied to the scrotum with 
tho indifferent electrode on the lower abdomen. 

Prostatitis — Certain tj pes of this disease can be efficiently treated bj 
phisiotherapi 'Malienancv must bo ruleil out Simple ba,.gi cnUige- 
ment jiolds most satisfactorily to the application of tho ilorton wa\e cur 
rent applied per rectum In dense fibrous infiltration onl^ the actompani 
lUj, edema can be relieied 

Ifosiaije of the prostate can in no other waj be as well or conveniently 
done as with the Morton waae current This indication is so common that 
it IS surprising that this best of all methods has been so greath neglected 
by the profession Thewaverate hould be giien at two per second This 
method is painless cleanly and thorough in its results The metal rectal 
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the menstruation occurs, but otherwise continued for about three months. 
Results are not secured bj less than sir weebs’ tre.itment Jfo mfec- 
tion of the endometrium or of the appendages follows this treatment, kt 
naturally the greatest care m aseptic technic is neces ar> The u«e of both 
faradic and smu'oidal is probably unnecessary 

In case the conical canal is too narrow to admit one of the copper 
tipped electrode made for intra uterine use, a narrow, flexible platinum 
electrode is employed yrhich is practically indestructible Another re- 
sult of this treatment is the permanent enlargement of the cervical canal 
b\ electrolysis so that the dysmenorrhea, which is an almost constant ac- 
companiment of the lack of physical derelopmcnt, is usually permanentlv 
cured 

G Betton llaesey employs a similar technic, giving the intra ntenne 
treatments but once a week. He points out the contra indication for this 
technic in inflammatory conditions of the tubes 

It would seem here too, that the «election of either the faradic cr the 
sinusoidal current should suffice, if combined with the constant current. 

pelvic Inflammatory Conditions — Sperling obtained 56 per cent of 
subjective cures and 43 per cent of relief of symptoms in s variety of 
these conditions in one hundred and ten cases He used direct diathermy 
Continued treatment was required lo some ca es 

The greatObt care must bo exercised to exclude cases in need of su^ 
gical intenention, on the other hand, miith may often be aocomph bed 
in many cases unrelieved by palliative procedures 

Great relief often follows prolonged radiant light of high candle-poirei 
followed by gentle, long-continued diathermy, which may be given k 
means of anterior and posterior surface plates or bv alternating them and 
using the vacuum or nonyacuiim vaginal electrode as the other pole 
Thirty to forty minutes’ use of a current of COO to 1,200 milliamperes is 
indicated 

ilany cases of low grade chronic inflammatory conditions are a^s<vi 
ated with a persistant chronic passive congestion of the entire adnesa 
These patients do not take the general exercise which increa es the re- 
spiratory excursions of the diaphragm md tends mecbanically to relieve 
this congestion There should, therefore, be given in association with t e 
radiant light and diathermy, gentle deep re-»piratorv exercises of the a 
dominal type two or three limes daily The patient should he in t e 
dorsal recumbent position with knees raised and take five to fifteen deep 
respirations . 

As «oon as local tenderness and pain are relieved the patient should 
encouraged to take light exercise of a general type Cases complicat 
by chronic constipation may, as soon as the cessation of local tenderness 
permits, begin the senes of abdonunal exercises outlined m the treatme 
of that condition 
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copper wire about it-s sbaiA ncir the attachment end the wire acting 
a a conductor The other end of the wire is attached to the cathode 
binding po-it 

The aspirating needle attached to its aspirator ns well as to the 
electric apparatus 13 carefullj inserted into the cist and the contents of 
tho litter withdrawn \ liilly developed tjst, with little or no pareu 
chnnal tissue overlying it, usnallv collapses at this time The needle, 
still in position within the o\st, is detached from the aspiratir md im 
plojed as a cathodic electrode, 1*^ to 15 mUhaniptrcs of current Ixing 
turned on for ten minutes This will produce i trothi liquefaction ot the 
tissue lu immediate contact with the ntcdle making subsequent 111 ertiou 
of the ionizing probe tas> after tho current has been turned off and the 
needle removed 

Vt tbe completion of the aspiration and the electrolysis of the sinus 
the wire to the ludifferent electrode is chingcd to tbe cathode binding 
post and a hott zinc probe with fine point made from one thirty seioud 
inch zinc plate, la frteh coated with mercury bv amalgamation, ittiiched 
to the anode binding post by fane wire and inserted into the ac tbroUoh 
the needle opening V current of 5 to la niilhamptrcs is then turned 
on and maintained for a quarter of an hour lb site of puncture is 
dressed, after the applitatiou and daily there ifUi with dilute zinc otid 
oiutmcut and gauze The patient nny remain imbulant 

In three days a second Kniz.*tion yiitli merciuy on the zinc probe 
IS applied throuji the opening m the tiny slough At the end of a week 
or ten days the skiu slough y\ill he lound Ic iscued royeahng a minute 
BIUU8 leading luto the evst through y\hieb addition il mercury ions should 
be diffused eiery third diy from m amal^ianiated zinc probe passed into 
the sac. At the end of the third week the zinc proVc should lie insulated 
with fu cd eiliii,, ivax before ainil-,aination the lusulatiou leavin^ a 
half meh at the point bare Tin purpi c of the insuUtion is the pro 
tection of the smus walls from further enlargcmtnt bv confnimg the ion 
diffusion to the sac itself During the course of the treatment the 1 iter 
insertions of the lonizin., probe are mad le s piujful by placing a drop 
of cociin or procam si lotion on the oxenmg hie or six minutes prior to 
Its insertion All innizUions arc of hftetn minutes duration with i 
current strength dictated by the scnsitiyeness ot the pitient, of between 
3 and 10 milliampcrcs Tbt find ionizations durin the fifth to the 
scienth week irt not much miie thin probings with a little current 
for stinlizition, until the wound closes fully from the bottom This 
technic may be luned by tnikin_ a free opcmuj, with a mall bistoury 
and iinmediito ionization at the hrst application nr by tbe use of the 
mercury ion alone held in amalgimation on a solid gald probe The use 
of the nnc ion in association with the mercury ion as de cribed above 
is thought howeyer to Vo more quickly destnictue of the cyst yyall than 
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electrode ma\ be inserted bj tbe patient and is tasih retained The posi 
tiic pole of the static nnebmc is witli the terminal separation alowlv 
increased as the tolerance ol tbe patient pcnnits 

Panitul iiiflimmatioiis are best treated bj diatbcrmj using a rectal 
metal or non \ iciiiim glass electrode and a surface phtc on tbe abdomen. 
Six to tuehc biindrcd miJliamperes are used for tuent^ rauiutcs 

Victor C Pedersen of New York, reports a number of cases of 
gonorrheal prostatitis in different stages iii illicit most sitisfacforr results 
Mere secured bj elcetrotlierapciitic measures lie uses the high vacuum 
glass prostatic electrode attached tO the negative pole of the static ma 
chine The use of a short spark gap of one inch proved soothing in atiifi 
c i«!cs V here deep m issagc is indicated tbe positive pole and wide spark 
gip IS used 

Nephritis — In acute nephritis the stimulation of the excretory fvuic 
tion of the skin is all important The radiant light c ibmet bath or bodv 
bath, with superheated dr> air with tbe patient recumbent, is one of the 
most efficient method* we Inve of aceomp!i*bnu this rt«nlt 

These treatments should be given at a rclativelv low temperature 
mav be continued for siveral hours, when ncecs«an The value of this 
procedure in ho pital practice cm Jnrdlv be ovenstimatcd 

It would seem logical that in certain cases (Iiathcnna of the kidaev 
should prove of value The writer used this method in three cases which 
were m a state of coma Two were ipparcntlv qinckh and markedly 
improved and made a complete rcco'crv from the attack The other ca*e 
ins not improied 2vo c-^timatr of its \ due c'in be mide from ti®*® 
results other than the fact that tlav would ccin to justify further employ 
ment of this meisiire A lar^^c plate, ibout six by ten inches, was placed 
on the abdomen and a smaller one, four bv seven inches, over each kidne;, 
m turn, ufeing 1,200 milliamperes for tweutv minutes on each 


DISEASES OP GLANDS DISEASES OF THE EAK, AND SOAKS 

Cystic Goiter — G Betton Mas ev of Phihdelphii lies draina^ 
and ionization to destroy tbe sac A prehminarv aspiration is made o 
confirm the diagnosis and only those cases u.ilh fluid present are treatc 
by this method , 

With the patient recumbent on tbe operating table, an indifferent pJ 
IS placed beneath the back and connected temporarily with the anode o “ 
direct current apparatus Tbe skin over the most prominent part o t ® 
cjst IS anesthetized over an area of about a square inch bv endennw 
injections of a 2 per cent solution of either procam o’- apothesme, an ^ 
rather lar^e aspirating needle is prepared to function as i cathode, as 
well as an aspirator, bv wmdmgthe end with a sufficient length of ibo 
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been done to warrant definite conclusions It seem-s, however, as logical 
to stimulate a poorly functioning ^and by means of diathermy, the effect 
of which measure can be so definitely localized, as to supply artificially the 
bod} with the gland extracts Already attention has been directed to 
the possible effect of X ray upon yanons glands of the endocrine system 
Otitis Media — In the beginning of the acute stage the immediate and 
intensive application of radiant is one of the most satisfactorj pro- 
cedures in the whole rin^e of pbisiotherapy If taken sufficiently earl}, 
the inflammatorv condition maj often be immediatelv stopped In later 
cases indications for puncturing the drum remain as usual but radiant 
light should he applied and persisted in, whether or not this procedure 
13 necessaiy Anj form of electric light, even the ordinarv incandescent 
bulb will sene in an emergenej for Lome treatment The hundred candle- 
power hand lamp placed on a pillow, eighteen or twenty inches from 
the head, is verj efficient Few cases so treated from the beginning will 
go on to suppuration or mastoid involvement The effect upon the patient 
has been described b} otologists who have used it extensivelv, as being 
out of all proportion to the amount of beat developed in the aural canal 
In chronic cases A P Fnel of the London Koval Hospital, states 
that zino ionization is a method by means of which the tympanum can bo 
disinfected without irritation and a large proportion of his uncomplicated 
cases cleared up in one or two treatments Both ultraviolet light and 
diathermy have been used m chronic middle car diseise with varying 
degrees of success With a cuff electrode around each wrist and the 
patient s little fingers inserted into the external auditory canals a mild 
diathermy can be passed directly through the affected region \bout 
800 milliamperes should be used for fifteen minutes This should be fol 
lowed by local application of ultraviolet light through a small sinus appli 
cator inserted part way into the canal Success by these methods depends 
upon the amount of destruction that has taken place and there can be 
no question that they are distinct adjuncts to the routine procedures 

Catarrhal Deafness — One useful adjunct in the treatment of this 
condition is the application of slow, gentle, sinusoidal current after the 
technic of William D IfcFee of naverbtll A metal electrode is placed 
on the tongue and a pledget of cotton soaked in saline and wrapped 
around a small electrode is gently placed m the oar A gentle and efficient 
massage of the drum is obtained by the use of a very moderate amount 
of current, easily tolerated by the patient for ten to fifteen minutes 

Scats —The minimizing of the amount of cicatricial tissue formation 
IS ono of the best accomphshmenta of modem, surgery The excision 
en masse of infected and macerated tissue was one of the essential lessons 
of the War The phvsiothorapist is concerned in si modifying the re 
maining scar tissue as to make it as little of a handicap as possible in 
the motor life of the patient The functional results secured by a regime 
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the mercurj ion alone Bot, in anj case, tlio mercury ion is essential 
to the method, on account of its high nntiseptic action 

Exophthalmic Goiter — S Solis Cohen concludes that, because of the 
varying and little known pathogenesis of this disease, no single method 
of treatment viill ever suffice in all cases He diiides them roughly into 
the highly toxic t\pe, 'uherc the ocular, cardiac and nenous svroptoim 
predominate and the gland is di<<tmctl\ hyperactive, and a sluggish type, 
in ivhieh ghnd function is not h^penctue regardless of its size 

Brustad, Snow, Massc> and other writers report faiorahlv upon the 
effect of the galvanic and Morton waie current m nrious types of goiter 
In our small group of cases of the active toxic type, we haye used neg" 
tive gahanism and static efflme with good results, but in too small a 
number of eases to form a definite judgment of the general yahie of 
these procedures In the ahacnce of hyperthyroidism, ionization from 
potassium lodid, using the uegatuc pole, has produced good results Cohen 
uses the static sparks and static resonator effliive directly on the gland m 
this type of goiter These indicated conacryatiye methods, together with 
others not within the scope of this writing, should logically be tried before 
radical surgery, except in those rapidlv developing cases of toxic typo 


m which it may still bo safe to operate 

Adenitis — In both simple and tuberculous adenitis of the ccrvieal 
glands, attention must bo directed to the possible removal of tonsils and 
adenoids, hxgienic and other indicated procedures In the treatment of 
tuberculoils adenitis, Jfilier reports the results from a regime of helio- 
therapy, as given in the combined French Sanitarium reports, ns 74 per 
cent cured Hade and Lo Grasso report 78 per cent of cures in some two 
hundred cases treated by the «ame method The carbon arc and ultra 
violet light have been used with similar results There seems to be a 
preponderance of opinion that cou’scrvatiye measures should be tbor 
oughly tried out before resorting lo operation Glands in the superficia 
chains should be treated by compression with the surface applicator from 
the water cooled lamp General irradiation with the air-cooled lamp w 
advisable Kesults by this method have been very satisfactory where t c 
main foci of infection yyere removed Persistent sinuses may be 
up by the combined surface and mtemal administration of water-coo 


ultraviolet light through the sinus applicators 

In several cases of inguinal adenitis in various stages, the local com 
preosion application from the water cooled light yielded excellent resu ts 
Glands that had begun softening before light was applied were found, 


later incision, filled with scrum instead of pus , 

The Ductless Glands — The snbject of the endocrine system and 6 
various disorders of function to which it is subject, forms too large a 
topic to be discussed in detail here, and too little work of scientific va a® 
in the application of physiotherapeutic measures to these glands has 
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been done to 'warrant definite conclusionfl It seems, however, as logical 
to stimulate a poorly functioning gland bv means of diathermy the effect 
of which measure can be so definitely localized, ns to supplv artificially the 
bod^ with the gland e-rtracts Already attention has been directed to 
the possible effect of X raj upon aanons glands of the endocrine system 
Otitis Media — In the beginning of the acute stage the immediate and 
mtensivo application of radiant ligb* one of the most satisfactory pro- 
cedures in the whole range of phasiotherapy If taken sufliciently early, 
the inflammatory condition may often be immediately stopped In later 
cases indications for puncturing the drum remain as usual but radiant 
light should he applied and persisted in, whether or not this procedure 
IS neoLSsary Any form of electric light, even the ordinarj incandescent 
bulb w ill serve in an emergency for home treatment The hundred candle- 
poyyer hand lamp placed on a pillow eighteen or tyventy inches from 
the head, is verj efficient Few cases so treated from the beginning will 
go on to suppuration or mastoid involvement The effect upon the patient 
has been described, bj otologists who hare used it estensivelv as being 
out of all proportion to the amount of beat developed in the aural canal 
In chronic cases A R Inel of the London Rojal Hospital, states 
that zino ionization is a method by means of which the tvmpanum can bo 
disinfected without irritation and a large proportion of his uncomplicated 
cases cleared up in one or two treatments Both ultraviolet light and 
diathermy have been used m chronic middle ear disease with varying 
degrees of success ith a cuff electrode around each wrist and the 
patients little fingers inserted into the external auditory canals, a niild 
diathermy can be passed directly through the affected region About 
300 milliampercs should be used for fiftien minutes This should be fol 
lowed by local application of ultraviolet light through a small sinus appli 
cator inserted part way into the canal Success bv theso methods depends 
upon the amount of destruction that has taken place and there can be 
no question that they are distinct adjuncts to the routine procedures 

Catarrhal Deafness — One useful adjunct in the treatment of this 
condition is the application of slow gentle sinusoidal current after the 
technic of AVilliam D lIcFee of Haverhill A metal electrode is placed 
on the tongue and a pledget of cotton soaked in saline and wrapped 
around a small electrode is gently placed in the ear A gentle and efficient 
massage of the drum is obtained by the use of a very moderate amount 
of current, easily tolerated by the patient for ten to fifteen minutes 

Scars — The minimizing of the amonnt of cicatricial tissue formation 
IS one of the best accomplishments of modem surgery The excision 
en masve of infected and macerated tissue was one of the essential lessons 
of the War The physiotherapist is concerned in so modifving the re- 
maining scar tissue ns to make it as little of a handicap as possible in 
the motor life of the patient The functional results secured by a regime 
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of pli\siotlicrip^ often determine whether or not a second cxcHion of 
the cicntnx is neccssan 

The aims of the empIoMncnt of physical measures on scar tissue are 

1 To promote mcrcised \ iscnlarir ition 

2 To decrei&e the densitj of the hbrous tissue 

3 To free surrounding stnictiircN, nerves, tendons, museks and hga 
ments from cicntricnl idhesions 

4 To increase the thithness and strength of the ncwlv formed epi 
dinni® All ph^t>Iotht^lpelltle tr< Lnic applietl to seir ti sue inn«t bo ven 
tarcfulh grided for optunnni effict Only n few of the measures aud 
none of the dosages ludicitcd for normal tissue inn\ safely be eraploved 

By the u«c of properh graded doses of galvanism from the ncijatiTC 
pole we mai accomplish two or three of our indications It will lu re* 
nieinlxred that the action of this pole is to soften and hqircf^ «cir tisw 
and to promote nsculariti The first effect would mtiinlli al«o aid in 
freeing other structures imbedded in the «cir The chlorm ion is an 
additional ud in accomplishing this result, and a slightls stronger salt 
solution mu be u cd on the negitne pole ihm is neces ar^ on the posi 
tire to secure casa conduction of the current The nctuc electrode co^l^ 
lug the sear must be prep ired w ith uinuual care See tint it is tliorouMily 
and eaenh moistened and its surface sinoothh ipplicd to nil parts of 
the scar Iho current of 5 to lo inilli unporcs should ho employed for 
from thirte to forta mimitos and tho electrodes will prohibh need re- 
moistening during the trcitnient 

Radiant light from cither the high or low -eaiidle power limp, plwj 
at half again tiie distance nsnalK used, will promote tlic easciilaritv of 
the newh formed integument Tlio ultraviolet light from the air-cookd 
lamp, 111 mild and often repeated doses, will stimulate skin cell growth 
Ihis should lx gncii with tin ill merture burner, at about thirte inchca 
for one minute with fifteen seconds’ d iil\ merement ith the mercury 
tungsten burner it sboiild be applied at a distance of fort\ mehes wit 
ten seconds daih increase Diatherma is an aid to both flic softeum-i 
and vasculaiization of tho cicatri'v md 'should be applied by the cuff or 
zone method aboie and htlow the imohed area The impoverished circu 
lation ill dense scar tissue means poor ami sluggish diffusion of heat, 
therefore a low current strength of 300 to 500 hundred millnmpcrcs an 
sufiicieut area of the electrodes should be selected so tint the ctirrcn 
deusitv w ill not bo over 50 milliampcrcs per square inch 

For the purpose of loosening the scar from surroiiuding stnicturcs 
no apparatus quite approaches m effect the use of the hcavj longstro 
motor vibrator The vibrations are bUen around the soar, workin, ecu 
trallv as far as tenderness will ptmut Static sparks, Morton wave, ni'i®' 
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sage and even at times the sinusoidal current miv be emplovcd for 
similar effect Tlie use nf lotensnc locil htat from auptrlicatcd drv air 
or the paraffin bath is apt to produce Urge blisters and destroj the newly 
formed skm 


POSTURAL DEFECTS 

The effect of faulta posture in lowering the working efficiency of the 
individual is prettv well established Alarked increase in total fatigue 
ensues when the mechanics of weight hearing are faults The functions, 
of the respiratory system and gastrointestinal tract are interfered with 
to a largo degree bv the habitual assumption of bad posture Visceroptosis 
13 often due primarily to this cause It is the opinion of the writer that 
manv of the so called organic or structural orthopedic types of spinal 
defect, typified bv scoliosis are nearli aiwavs postural or flexible in 
type at first but become fixed by ihe effect of long continued habitual 
malpositions of the soft ti sues Only in assocmtc'd calcium deficiency 
or cases of severe degree and long standing do lonv changes occur This 
point emphasizes the value of earlv treatment 

Tlie correction of faultv posture especialh m school children lies 
distinctly in the held of preventive medicine as well a» in tint of thera 
peutics Phvsicians, parents and educators ate uot vet fully awake to the 
vital importance of this subject 

The general indications arc tin same m ncarh all of the types of 
postural defects , they are 

1 To retducate the muscle sense to the correct altitude 

2 To improve the muwle tone and vigor of the entire bndv 

3 To stretch those muscle groups which have been allowed to shorten 
by the defective carnage 

4 To strengthen and therebv shDrten the plivaiolo^icvl opponents 
of the contracted group 

5 To increase the general flexibility and maintain the full range of 
movement m the joints 

To accomplish those results we emplov orthopedic and general exer- 
cises massage and electrotherapy Other phvsical measures considered 
in their resppttnc sections are used when nekets or infantile paralvsis 
arc associated conditions JInch space is given to the severe types of 
deformity in the orthopedic texts but very little information on the 
causes diagnosis and treatment of tho vtry common postural defects 
appears in the literature For this reason a brief general discussion 
of each type of defect is given with the treatment regime. 
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Head and Shoulders — The combination of round slioulJcrs and for 
ward position of the head is tho most common postural slump Defects 
of hearing and MSion and improper silting in school are the greatest 
causes of tho poor posture In slight degrees of round shoulden, the 
lower angle of the scapulic, onlj, may be prominent In the more severe 
t;>pea tho entire inner border assumes the “winged scapulie” position 
The correction of the head position is secured the exercises of head 
retraction The child thrusts the bcid forward chm up, and retraeti 
the head slowly and forccabl^ bringing the chm domi This may he 
made a resistuc exorcise by the child supporting himself h> the Iiands, 
arm’s length from a wall, the operator standing behind him and resistm,, 
the head retraction, hand or hands placed behind the child s head \ 
great deal has been -ttritten about the fundamentally correct posture 
Many of the directions given arc too intricate for a child to follow Thf 
single command to raise the sternum to the utmost height will oufo- 
matically bring the child into the correct posture The cooperation of 
parent and teacher to insist continuously upon the correct attitude u 
essential in the formation of correct postural habits The correction 
of the round shoulders is obtained by the use of tho group of shoulder 
exercises considered m the next topic Shoulder braces remove all exer 
else from the already weaVened upper hael muscles and often obtain 
their fixations on the movable lumbar spine inducing lordosis Thev 
should be avoided, if possibk 

Kyphosis —This position of increased flexion of the dorsal 
nearly alwavs accompauied by round shoulders It may bo considerw 
simply as a greater degree of the former lu which the spine pla\s a pa 
The etiology is the same, but there is usually some definite wealness o 
body struc-ture as well Such lack of tone as accompanies undemutrition 
too rapid growth or interciiircnt illness, etc , is associated with some 
repeated strain on the body’s structure 

Hound Shoulder and Kyphosis Exercises 

1 To reeducate muscle sense , 

0 Place child before mirror Assist him m assuming the corret 

posture 1 

b While he attempts to retain good posture, march him arou 
the room and return to mirror, making necessary corrections 
attitude g 

c With his back to the mirror, the child is instructed to aaa 
the correct attitude is faced toward the mirror and at ewp 
his own correction 

2 To improve general muscle tone 

a General light class exercises 

b Athletics and games m modcratioa without exhaustion 
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3 To stretch the contracted pectoral muscles 

0 Child seiteJ on stool, hands to neck operator places foot on 
stool behind patient, knees against dorsal spine and makes 
retraction on elbows 

b Child stands in front of stall bar uprights, grasping behind 
shoulders Keeping head shoulders and hips in contact be 
performs a deep knee bending and Btraightening 
c Child lies supine on plmth or narrow bench Hands behind 
neck, operator from above presses down on elbows 
d Child suspended bj hands from bar or ladder, operator places 
hands between scapula: and presses firmly forward 
c Child m front of horizontal or parallel bar, or behind slanting 
ladder grasps shoulder high arras length m front Without 
moving feet he falls forward to full arm hang 
/ Pupil with spread grasp raises wand above head, lowers behind 
shoulders 

4 To strengthen the stretched and weakened upper shoulder 

group 

0 . Arms forward raise sideward carry and slowly sideward lower 
keepiDo shoulders well back 

b Arms forward raise lorward bend (hands to chest, elbows 
raided and well badv) Sideward lower with shoulder 
retraction 

e Arms forward raise oMiqueli side-upward carry sideward 
lower, slowly maintaining shoulder retraction 
d Arms forward bend as before trunk lower forward bands 
thrust forward and carried sideward m imitation of breast 
stroke swimming 

e Hotate arms completel> outward forcing shoulders back. 

v To increase general dexibility 

a Hands suspension spine twisting right and left be turning 
pelvis 

b btnde stand arms sideward raise trunk to the right bend 
raise, to the left bend rai e 

I c In same position tnink to the right turn, return to the left 

turn, return 

Lordosis — Abnormal forwanl curve in the lumbar spine is often asso- 
ciated with and compensatory to kapbosis High heels and excessive 
abdominal weight ore also canses of this condition The increased lumbar 
curve and pelvic inclination adds to the strain on the anterior abdominal 
wall which maj become relaxed and weakened This is one of the 
contributing factors to viseeropto is anil chronic constipation and adds 
greatly to fatigue in standing 



o22 COiEBIXtD ilETHODS OF PHlSIOTHERAPi 


Exercises for Lordosis 

1 To «tretcli tile shortened lumbar erector «pina“ 

a Long sitting, legs extended in front 

2 To 'treogthcn the abdominal mu cles 

a Supine l^ing, hands at sides palms down, double knee beodirj 
and 'traighfening 

h Double leg rai«iiig and lowering slowlv 

c Sitting up and Iring bacL 

d Flex knees to chert, extend feet over head rai-^ pelna froa 
the table and return. 

e Flex and extend knees altematelr and rapidlv a imiLtion 
of bicTcling 

/ Hands suspension, double knee raiding 

Scobosis — Xearlv 20 per cent of cbildnn chow «oine dpgwe 
scoliosis. In the examination of from one to two thousand preparatorr 
school giri I found about 22 per cint bad lateral curratiire Like e«rt 
other condition it is diffiailt to diagno«e but casi to cure in its incipient 
Tho'c curvaturea which traighlen out on band sii pen ion hare bwt 
termed functional flexibihU or po tural,’ cur%e«, the others tnirtursl 
or organic Po rural ca«es outnumber the structural tvpe bv about tea 
to one, but are often orerlooked in ha t% physical examinations. 

In addition to the cau e» mentioned under anteroposterior lJefo^t^tl^ 
most of which applj hero as well, wc bare unilateral weight beaima and 
infantile paralc is iffectmg the ha<i. as common causes ilo t carrei 
start as single C haped curves and, if untreated, often develop into 
double or S -shaped deformities due to eompen«atorv rtraighteninff o 
the pelvis or head 

ifanv patients carry light scolioses, through life with no iH e ^ 
hut thev are sources of rerv great potential danger I have een '?n 
curves become great in degree and fixed in character verv quiiilr fu cvr 
mg wasting illness mfectious of the rliciunatic group and other conditions 
which suddenlv lower the bodv s resistance llanr schools and co egc 
are now thoroughlv examining for postural defects and following on 
carefully prescribed individual exerci '*s. When this procedure 
Tersal a great deal of defomutv now present will be prevented *-U 
examimtions should he started in the grunmar school ^ 

Diagnosis- — In the examination of the back w® f^l^ upon the fo owin 
five signs 

1 The “capula tends to be hi^er, wore prominent and further from 
the dor al couvexlt^ 

2 The arm waist angle is le^ on the side of the curve 

3 The shoulder on the convex side is usuallv higher and the ip 
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the lumbar convLXitj less prominent when compared with the opposite 
side 

4 The marked spinous processes show a deviation from the plumb 
line m all pronounced turves In sliglit ones absence of this sign docs 
not rule out a curve 

5 Prominence on one side in the mid-dorsal or liimbir region brought 
out hv trunk forward bending is a sure sign of vertebral rotation and is 
the most reliable evnlence of scoliosis A prominence indicates a curve 
to that side m the region m which it occurs 

The subject of vertebral rotation has caused more disagreement than 
any other phase of this condition It tan positively be stated that there 
is no lateral displacement without some degree ot rotation and it is pro- 
portionate to the amount of lateral dcviatun 

\11 orthopedists agree that in an advanced fixed curve the bodies rotate 
toward the convexitv thus turning the spinous proces es back, toward 
the normal pisitiou and masking to some extent the amount of the curve 
and, at the same time, causing the ribs to become prominent on tbe afiected 
aide 

There is no such agreement m regard to the rotation occurring in 
a flexible curve Lovett of Boston his contributed msre than any other 
single individual to our knowledc.e <>f the subject His experiments on 
a modtl performing trunk bondings silting on inclined seat, etc , stem to 
show that in a normal lateral trunk lending tbe bodies do rotate toward 
the concavity of the curve produced This hvpothtsis he applies to flexible 
lateral curvature as being the simt thing In las teaching tbe writer 
has stated the cause of rotation to be primariU the rtsuh of the fact that 
when a column of blocklike bodies is displaced in pirt so that the center 
of gravity docs not fall througji the center of all the bodie«, those ao 
displaced rotate away from the line of weight bearing % in a left totil 
curve the thick front of the vertebral brdics rotates to the left aw i\ from 
the center of gravity which now falls to the right of their center Iso such 
force IS at work in a normal trunk bending moreover flexible curves 
are slight and hard to detect because the amount of lateral displacement 
IS nearly equaled by the rotation so that the spinous processes fall very 
neirly m the inidline If reverse rotation took place in the i. cases the 
spinous processes would 8Win„ widelv ont and their line the apparent 
curve would bt greater than the displacement of the centers of the bodies 
of the vertelKD (the real curve) and the diignosis easy Furthermore 
as a curve is becoming fixed and the rc-rotatiou claimed bv those who 
hold this theory taking place the apparent curve would neeessanlv become 
le a when as a matter of fact we know that in untreated cases the ten 
dcncy js for the curve to increast It is believed that a flexible curve 
becomes rigid tirat by the scktotic cliangea uvdwwd in the inuschs allowed 
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to maintain contraction on tho concise side, then bj changes in theliga 
ments and intenertebral discs, iiid JastJi, and otiK if boni soffeningu 
present, the bone becomes distorted At ^vhat point m this gradual “set 
ting” process does re rotation begin! Gncn two left totil enrres of the 
same amplitude in two patients of equal ago, one of which straightens out 
under suspension, the other not, docs it sei-in logical that a dnmetneaifj 
opposite rotation should occur in them? 

I have gone rather deeplj into the subject of rotation because proper 
treatment is dependent on & knowledge of it Ihe bodies would rotate 
still more were it not for the fact that the articular facets are -set m 
different planes The flenon of the spine forward unlocks the articula 
tions and allows increased rotation to take plate, thus bringing out flie 
prominence on tlic back 

The treatment of scoliosis is not cvtremelv difficult nor does it require 
cumbersome and complicated mcchanotlicrapeutic apparatus which is king 
less and less used in phssiotherapy 

Ftercise is taking first place and gaining fivor as oiirmsin dependence 
and should alwajs be used between casts if tbcj be deemed tieces«arj 

1 Exercises to reeducate the mu«clc sense 

a Uec mirror as in kvphoais Place emphasis on erect iwd, 
even shoulders and hips 

I Eetum to mirror at the end of the evorcise program, haTitie 
child attempt good posture with eyes closed and mike «el 
correction 

c Teach the portion of “sclf-eorrcction” in each individual case 
This position consists of stretching vigorously obliquely k e 
upward the arm on the dorsal concavity and the opposite han 
IS worked as far back as possible and pressed on the him ar 
eoncavitj, in total curves In double curves the child s an * 
are pressed against the body in the posterior axillary Im^j ® 
upper against the dorsal and the lower against the um ^ 
convexitv . j 

2 These children aI«o should do general setting up work and hi u 
muscle strengthening 

3 Stretch the muscles on the concave side t, i, a 

a The child assumes bis self correction attitude and wit 

fixed against some convenient object, such as a table, 
or chair, performs lateral trunk bending toward the um a 
concavity . .i 

h With grasp on stall bars or honsontal bar, chest hig 
bodj 13 lowered to full arm’s length, both legs towaf 
lumbar convex side ^ 

c Spring sifting at side of stool, trunk inclined forward, t 'C a 
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on tie side of the dorsal concavity is stretched vigorously for 
•ward and the leg on the side of the lumbar concavity is stretched 
haclnvard to the fullest extent 

d The cliild assumes the self-correction attitude and walks sev 
oral steps on tiptoe, stretching the spine to the utmost 

e Hookhing supine on table, knees over the edge, both hands 
overhead Operator stands behind pupil grasping both hands, 
stretches spine fully 

/ The child hangs suspended from bar, operator from behind 
exerts counterpressure on dorsal and lumbar convexities push 
mg child forward 

g Strap table Shoulders and pelvis strapped toward the con 
levity m those rCj^ions two central straps exert traction from 
helow and toward the coucavitv 

4 To increase flexibihtv exercise for spinal flexibility as given under 
Kvpliosis 

Other Physiotherapeutic Measures — In all cases of long standing the 
muscles on the coucaiie side tend to bccime first spastic and later undergo 
chronic fibrous mjositis These changes cm bo to a large extent prevented 
by the use of radiant li^bt and beat bi 5 .b frequency Horton waie and 
static sparks and massage with the same tccbnic already given for these 
modalities In seiere cases Tequinn^ casts the value of these measures 
coupled with exercises cannot he overestimated The circulation within 
the muscles and their general tone becomes greatly impaired under the 
cast, and a period of intensive physiotherapy should be given before put 
ting on another cast 

All of these exercises need not be given in a single program but at 
least one from each different group must be chosen to meet all indica 
tioiis The stretch walk and spring sitting exercises should be taken with 
tho utmost intensity for only brief intervals of time 


FOOT DISABILITIES 

This group of conditions most of which consist in the last analysis 
of toxic atrophic, or traumatic myositis or arthritis, are especially ame- 
nable to treatment bv physiothcrapv which may lead to complete restora 
tion of function The accepted orthopedic measures of providing arch 
supports, on the other hand, more often attain symptomatic relief rather 
than cute A brief review of the etiolofg and modem methods of treating 
the«e common and disabling conditions is well worth while 

The foot is designed to support the body and to enable it to move over 
various kinds of surface Those who still use their feet m natural fashion 
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Inre strong and well-de^ eloped xnu^des and ligament's, broad forefeet, ard 
gra p facility ime\eii orfaec^ upon wbich tbe^ walk. Tbe f c* 
that m standing and walking tbov point the feet traight forward or 
‘-lighlU inward is of importance 

A stud\ of the changes in the use of the feet induced bv modem 
cirjliiafjon, and tbe condition under which they mti t da their work, 
will reycal some of the rea'=ons for the great preralence of foot divibilitr 

In the fir t place, we teach our children to evert tbe fcit In tL 
po'ture the weight is transmitted to the lo ide of tbe foot over tbe tnh, 
in tead of through tbe forefoot Armit-ige Whitman believes thi« atlitcdt. 
to be the underhnng eaii'C of wiak feet It is obvionsB one of tbe im- 
portant factors m bringing about this condition In walking with feet 
eierted, the outir side of the heel 6r«t «trike3 the floor, then the weii^t 
15 tran-smitted diagonalh forward and inward to the arch causing a «evere 
cpo 3 tram. If high licel« are worn when the feet are everted, the train 
becomes yer^ great!' inerca«od 

M e incase the feet in «liocs not one of which is the shape of the hniaan 
foot Certain requirements must ho met to rediioe to a miDinnim the 
deforming mfiiieuce of the hoc It roust have a sole snfBcientlv thick 
to protect tbe foot from th( «tonc pavemouts on which we are condcmncl 
to walk and to prevent the sides of the «olc from curling up, makntf * 
hollow into which the anterior arch tends to fall The toe cap hnuld w 
full enough to allow free movement of the toes. Such point as the hcc 
po«'C« cs «>hould he m front of the great toe and not m the middk w 
the foot, which crowds the big toe into tbe hallus valgus po itioa 
hoe niii«t at all tinus be long enough to prevent the toes being crara^ 
Himracr toes often develop in children who«e feet grow in length before 
the hoes ire worn out 

The heel is a vital fictor m proper shoeing E^pecnllv i3 it neec'-arv 
to have a heel with a rcasoniblc amount of cro«s surface OtbenrK 
with anv height it becomes a stilt, on which the patient is doing a ^ 
coordinated and vei' fatiguing balance exerci'e, using groups of niiw 
in which the circulation is poor and therefore recoven from fatigu'’ ' ' 
AVith the high heel al«o there is a t«ndenc\ for the forefoot to 
crowded forward and bear undue weight, as tbe m tep resting on 
«teep slope of the shank c innot support its ■'hare of the weight, ha t ^ 
and perhaps mo t important, is the teudenev of the high heel to 
the calf muscle group into a state of partial contraction, which po 
long held becomes a factor in the structural “hortcning of the e 
producing muscle-bound feet Lovett calls attention to the fict m'* ^ 

arch of the 5ole of the «sboe is often too low to support that of the i?® 
and i** therefore, one of the can es of foot strain 

In addition to the everci e-prev*nting and deforming influx®® jj 
the shoe, we have added the hard wood floor and cement paiement for 
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measure The wonder is not that there is so much foot trouble, but that it 
IS not universal 

Poor mechanics of walking adopted to avoid pain from corns callosi 
ties sprains, etc must be recorded among the causes of foot strain 
I have had man^ cases which verifv the point so well brought out bv 
Heurv W Frauenthal of New TorL that the toxins of recent disease or 
specihc infection as well as those from foci of infection in teeth, tonsils 
etc play a leading rule in piinful foot disabilities The induence of these 
toxins m retarding rocoverv, when then la some other more obvious cause 
present as well, is constantly overlooked 

^\e have then the foot predisposed to strain bv the impossibility of 
normal development u«cd iropropcrlv and attacked bv the toxins of dis 
case, causing the piticnt to s«tl relict It is quite the usual thing for 
him to pass through the hands of several shoe store foot experts ’ and a 
few chiropodists before rcaehiOc the phvsieian If the trouble is cn 
tireh local tbo foot applianw provided for the patient will often give 
marked relief It is because 8u<li plates etc are not curative as a rule 
in the long run, and because of the verv frequent presence of other than 
local cause that a real euro is seldom attained 

In considering diagnosis a further point mode bv Frauenthal is of 
value He states that when pun in tU feet comes on suddenlv we mu t 
suspect injury or infection whereas if the onset of symptoms is gradual 
there 18 Btrain of muscles or ligaments E A Bich of Tacoma, Washing 
ton records the arch impression and compares it to the amount of ankle 
valgus pointing out how often painful feet occur with marked valgus of the 
ankle and with cavus rather than with planus deformity Lovett found 
no change in the arch impressions of a large number of tbo eight hundred 
nurses he pedographtd after the on et of pain in the feet Ht refutes the 
accepted theory that there is neicssnnlv an elongation and broadening 
of the solo of the font in these conditions I have never felt that the 
taking of an arch impression was essential to diagnosis 

In the cxamimtiin of the forefoot sha^lv localized pain under the 
second third or fourth metatar jphalangeal joint is indicative of anterior 
arch trouble, but may point to an inflamed or broken sesamoid or to 
osteo arthritis from anv cause Oumsionilly we are dealing here with pain 
referred from tbo mam arch 

hen the pain is 1 icated m the longitudinal arch under the scaphoid 
the presumption is that this arch is under strain It is important to re- 
member that strain is often present in the nitnrallv high arch before 
there 18 am sign of flittening and is due to tension at the periosteal 
attachments of the ligaments or in the plantar mu clcs 

Examination is never conipKte without tc'itiiig the dorsal flexion of 
the foot Have the patient sit with knees fully extended Grasp the 
forefoot firmlv, invert then flex being sure the patients muscles are 
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}ln^o strong and well developed pniscles and ligainciifs, broid forefeet, and 
ginop witli fncilitv uneven surfaets upon which tlic> walk ILi fact 
that in fitiiuling and walking thej point the feet straight forward or 
slightly inward la of iinportnnoc 

A stiidv of tlu changes in Iho u^o of the feet induced b\ modcru 
civilization, and tlu conditions under whieh thev must do their work, 
will reveal some of the reisons for the great prciiilcncc of foot di«jbiliti 

In the first place, w« teaeli oiu children to evert the feet In tkii 
posture the weight n traUsimtfcd to the inside of the foot over the anli, 
instead of thrnu.,h the forefoot Amiitngo Whitimii hclioics this atlitud 
to he tlio underlying catiac of weak fe<t It is obviously one of the im 
portaiit factors in bringing nlmul this condition In walking with fut 
everted, the outer sidt of the littl first strikes the floor, then the wci,.iit 
is transmitted dingonallv forwanl and inward to the arch, ciiising a severe 
cross strain If liigli heels are worn when the feet art everted, tlic strain 
becomes very greitlv nicrcnscd 

We incnso the ftet m shots not one of wlucli is the shape of the human 
foot Certain rctpiirimciits must l»e met to rcdiue to a mininnitii flu. 
(Icfomiiiig mflucuct of tlio shoe It must have a sole siifliciciitly tbiek 
to protect tiic foot from the stone pnvtmciits on winch we nro condemned 
to walk, and to prevent the sides of the sole from curling up, tnikiitgfl 
hollow into which the anterior arch tends to fall J ho too cap should be 
full oriongli to allow free movement of the toes Such point us the shoo 
possesses should he in front of the gr< it toe and not in tlic niiildk ci 
tlio foot, winch crowds the big tot into the hnllu'c valgus position Ihe 
shoo must at all times bo loii„ enough to prevent the toes bemg crampid 
Ilunmer toes ofitii develop in children whose feet grow m length before 
the shoes arc worn out 

riio hod 18 a vital factor in proper 8heK>nig 1 spoeinllv is it nccMsarj 
to have a heel with a rcasonnhio amount of cross surface Otlienvni’, 
with anv height it bccompa a stilt, on which the pitient is doing a fiuev 
courdmntctl and vtrv fatiguing balance cwrcist, using groups of mu’c es 
III winch tlic emulation is poor and therefore recovery from fatigue s ovr 
■With tlio high lied also there is a tendency for the forefoot to Ixcnmc 
crowded forward and bear undue weight, ns tlio in«tcp resting on t ie 
steep slope of the slinnk cinnot Bupjiort its slinro of the weight Las 
and perlnps most important, is the tendency of the high heel to tiro' 
tho calf muscle group into a state of partial contraction, winch po«i ion 
long held becomes a factor in the structural shortening of these ^ ' 
producing muscle liouiul feet Lovett calls attention to the fuct tba ^ 
arch of the solo of the shoe is often too low to support thnt of t le o" 
and IS, therefore, one of the causes of foot strain 

In addition to the exercise preventing ami deforming 
the shoe, we have nddcil tho hard wood floor and cement pavement for i 
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The treatment of muscle-bonnd feet 13 prunanly aimed at stretching 
out the calf muscle group It is the muvle and not the Achilles’ tendon 
that 13 short except in cases of sexere contracture These muscles often 
feel hard and fibrous and are quite tender 

We heat intensely with the 1 >00 candle power lamp, use diathermy 
through the calf by lateral plates 1 000 milhamperes for fifteen minutes 
each and fini«h bv prolonged deep slow effleurage Here the exercise 
which consists of standing feet parallel arm s length from the wall, and 
lowering the bodj forward keeping heels on the floor, is begun as soon 
as the deep tenderness in the mnscle his lessened It is pushed as much 
as possible without setting up inflammatori reaction 

When as often is the case ne are dealing with a combination of 
foot strain and muscle-bound foot, we treat bj a combination of tbe 
methods outlined omitting Exercise o These are undoubtedlj the cases 
that Loiett states arc made better bv raising the heel and he points out 
how man) times they arc made worse b\ snddenl) shifting to a so called 
orthopedic shoe These patients feel better with a higher heel because 
more slack is given the calf mu>Lle, but the strain of walking and standing 
IS increased and the new slack given may soon be taken up with a repcti 
tion of the svmptoms 

What constitutes a cure? In the case of the arch it is the remqval 
or modification of the cxusc the allaving of tbe inflammation and the 
rebuilding of the tone of the muscles and ligimcnts to carr) without any 
artificial supports uhateier the weight they were designed to cirrj In 
muscle-bound feet a cure consists in the removal of the local or conatitu 
tional cause of tenderness or uifiainmation witli the gridual stretching 
of the calf muscle group until a dorsal flixion of 00* or le«s allows the 
use of a modcratclv low heel witliout discomfort 
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relaxed Estimate the angle between the roar of the leg and the enter 
part of sole This angle «!hoHld be le«s than a right angle — 'To® to 83“ 
^Vhcn the flexion is limited to 90° or more jou are dealing with a muscle 
bound foot This condition is present in about 30 per cent of women 
and 10 per cent of men seeking relief from painful feet In women I 
believe it to be the greatest single factor in the causation of foot stram 
and to be in it«olf the underKing reason for a large part of the eversion 
of the feet described by Lovett This is the sequence of events la the 
normal step with feet rtrai^t, there is a time just before the rear heel 
IS raided when the dorsal flexion of the foot is less than a right angle. 
It IS at this point that a short calf mu«cle is subjected to undue ten ion 
which ma^ or mav not be recognized by the patient A slight eversion of 
the feet will relax this tension If the condition is progressive, increased 
eversion becomes ncccssarv with the intense strain on the arch outlined 
above Sooner or later simiptoms of foot strain appear 

Treatment — Our attention should be directed first to the remoral 
of the cause The acute toxic or lofccttous conditions are generally oh- 
Mous, but it 18 necessarv that chronic conditions and foci of infection 
be constantlv kept in mind as factors which delay recoverv The proper 
mechanical use of the feet and relative rest must be insisted upon where 
possible 

Anterior metatarsalgia is treated by intensive radiant light and heat 
or paraffin bath, high frequenev, static «parLs and massage A felt pad 
mav be strapped on or held by an anterior arch collar when neces art 

In tbe treatment of the mam arch, the Thomas heel, extended one 
half to three-quarters of an inch and raised one-cighth to one-quarter 
inch on the inner side, is useful in nearly every case Very rarelv soft 
felt pads under tbe arch, or in caviis foot imder the instep, may be u ed 
Strapping with adhesive mav be done as a temporary measure It has 
not been found necessarv to prescribe any arch plate whatever in the la t 
three years Occasionallr a well fitting arch already purdiased was per 
mitted while tbe local treatment was being given 

Where the mam arch is under strain we treat by radiant light an 
heat, 1,500 candle-power for fifteen minutes, high frequenev, or diathemv 
— given by means of one metal plate to the sole and the other encirc mg 
the ankle — and massage Exercise often makes these cises worse, vi" ^ 
instituted before other means have alJaved the inflammation m the tissues. 
For this reason exerci e is delayed until the tenderness has largely 
appeared A very simple set of exercises are used 

1 Stand, feet parallel — roll out 

2 Walk forward on outer edge, toeing in 

3 Toe in and rise on toes 

4 Ground gripper walk 
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The treatment of muscle-bmind feet is primarily aimed at stretching 
out the calf muscle group It is the muscle and not the Achilles tendon 
that 13 short, except in cases of severe contracture The«e muscles often 
feel hard and fibrous and are quite tender 

We heat intenstlr with the 1 -»9(> candle power lamp use diathermy 
through the calf bj lateral plates 1000 milhamperes for fifteen minutes 
each and finish by prolonged deep slow effleurage Here the ezerci«e 
which consists of standing fett parallel arm a length from the wall, and 
lowering the body forward, keeping heels on the floor is begun as soon 
as the deep tenderness in the muscle has lessened It is pu hed as much 
as possible without setting up inflammatorv reaction 

When, as often is the case we are dealing with a combination of 
foot strain and muscle-bound foot we treat by a combination of the 
methods outlined omitting Exercise 3 These are undoubtedly tlic cases 
that Lovett states are made better bs raising the heel and he points out 
how mans times they are mode worse bv suddenly shifting to a so-called 
orthopedic shoe These patients ficl better with a higher heel hccaiiso 
more slack is given the calf niustle but the strain of wilking and standiD^ 
18 increased and the new slack given ma\ soon be taken up with a repeti 
tion of the symptoms. 

What constitutes a cure* In the case of the arch it is the rcmqval 
or modification of the cause the allavmg of the inflammation, and the 
rebuilding of the tone of the muscles and lignmcnts to carry ttilftoui ony 
artificial supports uliattier the weight they were designed to carry In 
muscle-bound feet a cure consists in the removal of the licxl or constitu 
tional cause of tenderness or inflammation with the griduil stretching, 
of the calf muscle group until a dorsal flexion of 00 or lc»9 allows the 
use of a moderately low heel without discomfort 
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RADIUM TIIIR^Pl 

Thomas Ordwat L Whittinoto') Gopiiam and Clinton B H\wn 

Radium — Since the discoMrj ot ridiuin m 180^ tins source of 
energy has been utilized for the treatment of a great varictr of both ex 
ternal and internal diseases The earliest and perhaps the most useful, 
field of application u as in dermatolo,fv and as this form of therapv proved 
of value m treating some of the most intractable skin diseases, such as 
lupus and careiuoma of the skin the result was that orerenthusiastie 
claims were made for radium therapy even in msnj' incurable diseases. 

The literature on radium therapv has now reached enormous proper 
tions Not only are there a great number of articles but many volumes 
and even journals are devoted solely to radium therapy To this liters 
ture the resder is referred for an> detailed account of the subject In 
this chapter a mere outline of the technic used the variety of conditions 
which have been treated and the general results obtained can be deocribed 
The therapeutic application of radium was developed b\ the French, 
notably by Dominici Wickham and Dcgrais The German began the 
use of meoolhonuni and elaborated other forms of radium therapy 
Radio-active substances and their products have such remarkable physical 
properties that the diseoverj and investigation of them has ridicall^ 
altered even fundamental conceptions regarding matter With this in 
mind and with the realization that radio active substances and their prod 
ucts are so varied and may lie used for therapeutic purposes m the solid, 
gaseous or liquid form, it is not surprising that thev have within recent 
years been the subject of extensive scientific experiment and al«o of wide- 
spread clinical application, even to the degree of exploitation 

has suggested the idr nlsge of nltinK radium thrrBpf Curie tbrrapj 
t» »e now tpeak of Boentgpn the epy wli " tke Tr*)* «r* u od in treelmont 

Me othorium vae d an ered bv llalin IB 100 The initial eo t of loeeothorium 
11 l«a than that of radium hut it 1 *e» it* activity In v ry much ihorter time the 
half! fe pen J of me othori m be g about ae>«n yeari while that of radmni U 
aboi t “ 000 yean Therefore at (h« preaent time the use of radium baa for (he 
moat part replaced that of thorium 
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Soon after the discovcrj of radium the Curies it vas found that 
ridio nctno substances prodiiecil cflccts similar in manj ava^s to the Kouit 
gen ra> In 1001 Becquercl was burned b> carrying radio actne material 
in hi3 pocket In 1000 tlio Laboritnin, Biologiquc du Badiura \ias 
established in Pans and here Bominici, Dannc, W ickham, Digrats and 
their coworkers developed the therapeutic application of radium In 1000 
the Radium Institute at London was established for the treatment of 
disease b^ radium 

In Austria the goAernment estahlisheil a central station for the dia 
tributioM of various fonns of radio-aetite material to the different elmics. 
There is also m Vienna a Radium Institute supported b\ prnate funds, 
for the strictR scientific stude of radio active substances In the United 
States the names of Abbe, ilortoii, and Kellv were cirl^ associated with 
the development of raduim Ihenpv In several of the larger cities, 
notnblv Boston, New York, Buff do, Baltimore and Chicago, then, are 
special iiistitutea or hospitals devoUd almost cxclusivclj to research and 
the therapeutic application of radium Here the amount of radium avail 
able vanes from 1 to 0 or more grams In onlv verv exceptional instances, 
however, are such large amounts used at one time in nn^ particular case 
In the great majontv of pathological conditions 100 milligrams arc suffi 
eient, if prnperlj employed, to produce such results ns mav bo roasonahh 
accomplished 

Radium is pn element in the strontium barium group Its properties 
are now quite generally known It is a metallic clement designated hv 
the Bvmbol Ra Three of the commonest salts arc the bromid, chlona, 
and sulphate of radium It is derived from tiranuim Other members 
of tlio radioactive group are tliornim and actinium Radium is con 
stantlj undergoing transformations into otJicr substances, that is, radium 
becomes snccessivelj emanation, raduim A, B, C, B, 3*, T (or polouiiimj 
which 18 probablj converted into lead The rate of this transformation 
cannot be altered by any known process or '•ondition During these 
transformations, energy is radiated from tlie substinccs in the form o 
the so called alpha, beta, and gamma rajs vipou the various effects o 
which the therapeutic action depends 

Alpha rays are positively charged atoms of helium They travc a 
the rate of 20,000 miles a second Iheir penetration is slight, mac , 
they are stopped by even a thin sheet of w ritiug paper Thev mav pro ucc 
marked chemical change but ciimot bo used practically in treatment cxc y 
in superficial lesions of the skin , , 

Beta rays are negatively charged electrical ions, electrons, like 
rays, but of about the velocity of light (180,000 miles a second) ‘j' 
penetrate about 8 millimeters of tissue, but do not penetrate over 3 m* ‘ 
meters of lead, or 1 2 millimeters of brass They also induce clieroiw 
change in organic matter 
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Gamma rays are not particles of matter but vibrations of tbe ether 
similar to ordinarj light and to the \rajs but of much borter rvave 
length and greater penetration Thej urt said to have less power than tho 
alpha or betv raes to produce chemical change 

In medical work wi. mai us» the throe sorts of rajs together or bj 
appropriate <icreens exclude either the alpha or beti rivs Ten per cent 
of the gamma ri^s arc absorbed bv 1 centimeter of tissue They readih 
pass tlirough 1 2 millimeters of brass only about I per cent being absorbed 
In passing throUpb metal serttns, hooveacr soft second ir\ bfti ra\s an. 
‘generated ’ Ihese may be alk>orbtd bv placiUe, filter paper gauze or 
wood 1 ecntimctci or more in tbickness about iiutal screens In evpen 
mental work it is possible bv meins of the eleetpunagntt to use the alpha 
and beta rajs alone Chnicallj, we can approximate this bv \ irjing the 
time of application and the thickness of the screens beciust of the 
rclatiieli greater amount of a^ha and beta than of gamma ncs 
the proportion is re«poctuely 00, o and 1 per cent when no screens 
arc used 

Injuries Incidental to Handling Eadiim — The increasing use of largo 
quantities of radium for therapeutic purposes makes it important to 
do«CTilo the simptoins and signs iGncIi mac U < ui cd be workin, with 
or even near radioactive substinces and to emphasize the impjrtanoo 
of tlic«i ns oetiipational injuries biigccstions are offered > that more 
serious late effects inav not result 

Eutlicrford states that Ualkhoff first observed thst radium ravs pro 
duee bimis of much the same character ns those can cd b\ Roentgen ravs 
Experiments in tins direction have been made be Tu cl Cunc and Bn 
qucrel and others with verv similar results After handling radium there 
18 at first a painful irritation then luikimmation sets vn which lasts 
from ten to twentv davs if suitable pncuitious arc not taken This effect 
13 produced bj all preparations of radium and ipprars to be due iminiv 
to the alpha and *oft beta ravs Caro bas to Ic taken therefore m ban 
dling radium on account of the painful luQimniation «(t up bv the ravs 
If a finger is held for some minutes at the base of a capsule cfuitaining a 
radium preparation, the ekin lecoracs inflamed for about hftcen davs and 
then peels off The painful feeling dies not disippeir for two months 

Although the«c rather acute reactions due to radium ore apparent!' 
well known to physicists working mtb radioactive substances and con 
sidcrablc experimental work has !>ccn done on animils bv biolojusts to 
show the histological changes prwluced verv little attention has lx en paid 
to the mon chronic changes With the incrcisuig ii e of large <juantifii-s 
of radium attention should U called ispixiallj to the «e (hanger to which 
tho c handling radium an suljict V proper realization of Hus fact is 
neccssarv not onlv hccau«f of the aunovanet and di^iximfort can cd bv he 
h 3 serious cfTccts of radium butbeeanse with the aiulogj of tin enous 
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hte effects of X nj bums m mind, a warning sbould bo sounded flgainH 
possible sunilar results frow radium, such as atropbv, mtncfsble iiJecra 
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FiQ 1 — Detices IDE IfoiDiva tiRAss Cawoie to Atoio Coyt/ct or rut 
A watcl'tnaltsr s vise filed out lo grasp brass capsule in win h non corro«i'« s 
needles five to ten In number are plac^ n forceps grasping cover ol rss ^ 
Bule These devices hold capsule and cover while screwing capsule open ° 
thus avoiding injury to fingers by repeated contact C brass capsule r‘ 
strong silk In this are placeed five seven or ten neeillea containing ^ 
radium sulphate each D the capsule is then placed withm rubber loun 
reservoir for ke ping it elean and lo certaia instances to prevent soft 
radiations from injuring the anperficial tissue when a deeper effect is 
Such an applicator may be placed within the uterus held m place bv par ' , 

twelve to tw ntv four hours dependiog on the nature of the condition rca 
the amount of radium used 

fion and even cancer Already in certain matoneca fbero haa bctc cflu 
not onl^ great nnnoyanoo from discomfort but actual impairmen 
manual detterity in performing delicate manipulations, because ot I* 
sistent local anesthetic effects 
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The 8j'mptom& caused bj handling radium maj occur lery insidiously 
and consist of blunting of sensibility of tho finger tips, paresthesia such 
as increased scnsitiicncss to beat and pressure amounting at times to 
actual pain, and finally to anesthesia of varying degrees. 



J'lo 2 —Fibtheb Dmcxii roa A\oii>i>o Contact or Fi^cess WITH rABieu A shnrs 
fou (1 c ntrnifnt for cutti g hftladfruea^ acrrrns and apccitl applirators 
D I<xki g fvrerpa to hold radinoi nn>dlo while it la being thread d with etrong 
ailk b} hoIJi g end of «ilk in mall forrepa C b ided iilk fish line verr itrong 
nl best 1 r boiling cap ule D pool of trong eroehet a Ik for h Wing needle* 
r spool of nrtina v «irg a) ilL — not tr eooiigh 

The suhjcctue disturbances are out of all proportion, to the objective 
findings which includo fiattemng of the natural ridges on the affected 
fingers with consequent changes m the charactenstic markings of the 
finger prints thickening of the homv layer of the epidermis with scaling 
in varving degree failure of the tips of the fingers to resume their normal 
shape after pressure a sort of pitting upgrowth of the cuticle at the ba«e 
of and underneath the nnils which tend to stand off from the fleshv part 
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of the fingers md wIiilIi l)ecome ridged ca«ilj cr'icked and extrcmeh brittle 
Various general symptoms such as headache, malai«e, weakness undae 
fatigue, unusual need of sleep, increased excitabihtv, fretfulntss, irnta 
bility di«ordcrs of menstruation, attacks of dizrmess, etc, hi\e been 
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A’SD Applyim, Applicators In the lead box are a 
non corrosive eteel needle containing in milligrams 
of ra lium sulphate and a braas capsule in whi h are 
t«o similar radium needles 

during the entire di> m work with radio-ietne 
fore, probible that certain ^entral symptoms do 


‘Fabriks” for 
facture of ndium ar 
pantiis and some bad 
been engapcd for 'cars 
siilwtinees It is, there 
occur as a result of cs 


posure , Tiidzent 

Changes m the blood of radium workers were observed bj 
and Halberstaedter Host striking was the relative and 
m lymphocytes from 36 per cent to 03 per cent, average of 'cn 
46 i per cent, a relatne and ab«)lutc decrease in neutropin s, 

50 3 per cent There avas littU change in red blood coipusc es 
diminution in white cells and the hanaglobin was lowered m o 
cases, 70 per cent and 71 ptr cent re'jpectively 
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Various methods ha%e been devi ed for a^oidin;; the e injurious ef 
foots In order that the least po ible toutact of the iiu^irs with the 
radium ma^ occur, forceps or sptuil sises are used for holding tubes 



FlO 4— Ilf-VICFS lOH I BOTFCTl* "• 40 I T R»tlf \ TUT 'JlB T^tCFS A tr lock 
n/ n II lull r* u 1 f r gra jms raduini n ell anl f j. it nt j,r wth 
!I Her n a le to gm p r I um n II at i i s n I an I d u fa I (at tl 

h tr Ju ti n int< tl t * B »| «i I alt, »n li t I It I r aj iil nt mi 

/!« t) t n ral imi n sH of in » 1 *•« I «l t to « •ei. ad »t on 

nl thu p otert 11 dJer or r«t iii a a in' t>c I apili t r wrted i t> 

vag na ur r ctuin re tit S; Th I rp «i f tl I I ar ni 1 m Hi I 

tl a) I li t r 14 c T r J Mill ruHicr liBgar c t and I ntal ruM r 1 'ct t kn-j 

It clean an 1 t present KonI rv r il ati « f m 1 ad n ri tlar 1 -el s 
tel i In phcc I a || le jla ter 

and for ppcning nnd closing them {ccnl m«tal Im^cs hate l>ocn con 
structed so tbuf the actm tulicsmis be jftU stored ind ktpi whin not 
actiialh m ««c 'Special rubbtr cmcl p«s for is ntnui rs luui. been de- 

'iscd m order to svnid wrapping tbt Trdmni up h in 1 m Ins t nihlK r 

(Fig 7) !( oihsl „h\i hiigtrs etc are t Inin t and nn n t rt nhl\ « mi 
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of thohiigersandwhicItliPcoinendgcdfeasiU encTvcd and cxtromch bnttli' 
Various general symptoms such as liendiche, niilni'se, ucikncss, undue 
fatigue, unusual need of sleep, jncrcised excitability, fretftilness, irnta 
bihy, disorders of mcustrujtton, attacks of diz7mess, etc, haic bem 

- Slid b\ Gudzent and 

' Ilalberstaedtcr ti 

be cati<!cil by npeated 
and long-contmuid it 
posure to ndio-ictive 
Sti bst mccs ‘'lie!: 
symptoms an bo'V 
cycr, common innian) 
people nt times and, 
ns tliev cinnot be ac 
curatcly andobjcctireb 
recorded, tb ore is 
doubt if they ejn ^ 
definitely prtucd filn, 
duo to txjmsure to 
radium TLcy inaj ^ 
duo to close confine- 
ment, tiring routine 
aiul lick of outd<x)r 
cxorci'O and other 
cui*e'i riit expo une 
of some of the ea’e’ 

1 TopoTtul yyere doubt 

L 1 less large , some of the 

Fig 3— Thick niDri) Lead Box AVI* CovtR to rROTECT indnidualB 

WOSKEBS FROM PADIl'lI RAMATIOVS AX MILE MaKIVO n 0 T P BSSIStUlt U> 

A>D Appltivg Applicators In the •*ox are a “Fabriks” for 
noncorrosiAe steel neeJIe containing 10 miUigrams M o of ridium ij’" 

of radium sulphate an 1 a brass can ule >n which are SC l r , „ |,o J 

par'*'”. ““V™° “ 

I been cngigcd for years 

tlliring the entire ilii in »ork nltli rulio-lctno slihstBBtea It H, tto^ 
fore, probable that certain e.eneril sABiptoms do occur as a rosu 

posure , . o„(j 2 cnt 

Changes in the blood of radium yyorkers yvere observed by ^ 
and Ilnlbcrslaedter ’Most striking xvna the lelatvyc "uid a i«o ii e _ 
m hinpliocytts from 3l» per cent to 63 per cent, aycragt o ^ 

4b 4 per cent, n rclatue and absolute dtcreist in iieutrop u 
50 3 per cent There yvns littli change in red blood-coipu clcs, 
diminution m yvhite cells and the hcroaglobiii yvav loyyered m 
cases, 70 per cent and 71 per cent rcspcctu th 
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Various iiietlioda La\e been de\i ed for avoiding tbe<e injurious ef 
foots In order thrt l\ie least possible contact of tbc fingers -with tbe 
radium ma\ occur, forceps or special uses are used for holding tubes 



hell) n pUe h adlieeite pU ter 

and for opening and closiji^ tbtin ptciil mcfsl bows have been con 
stnictcd so that the active tubes mi' be sifeh stored and kept cvbtn not 
actually in use bpecul rubber envelopes for containers bs\t been de- 
vised in order to avoid wrapping, the ladiiim up Lv hand ui sheet rubber 
(Tig T) Leaded gloves fangen rtc aredmnsv anl arc not readilv worn 
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In placing actire tubes m special applicators it is important to avoid 
all contsct with radium and, as the effects are not apparent at once 
when handling verv hot objects such as heated glass, but only after a 
period of davs or ev cn weeks, it will he difficult to tram a worker to avoij 
all contact with the active apparatus Therefore, in the work of maiinir 
routine applications of radium there ‘ihould be a rotation in the staff and 
persons affected should he freed at least tcraporarilv from such work. 

In order to avoid general disturbances, the hodv should he protected 
as far as possible b\ metal screens in the form of lead botes or plates 
about the radium , there should be frequent ventilation of workrooms, pa^ 
ticularlv if there is radium emanation present, and a change of dutv and 
shorter hours , periodic phvsical examination of those working with radio- 
active substances with special reference to the blood examination is 
indicated 

From the above it is exideut that marked changes may occur on the 
fingers of tho«e engaged in routine work w/fb wdio-aetire suhslance-v 
The e local objective changes consist chieflv of flattening of the char 
acteri«tio ridges, thickening and scaling of the superficial Is'era of the 
«kin and even atropbv and intnetable ulceration Tbe«e le ions are 
usuallv slight compmd with the marked subjective svrnptoms, *uch as 
pare thesia, anesthesia of vairiBg degree, tenderness, throbbing and exen 


pain. The per«i«tcncc of such effects is noteworth' 

Various general sxstcmic snuptoms and nl«o blood chanffes may be 
produced by exposure to radio-ictne sub tances To aioid «uch local and 
general disturbances special protective and preientire measures hare been 
devised and tho«e engaged in routine handling of radio-active sub tancc' 


are particularlv cautioned 

ipphcaiton and Adintnt’i/rafion of Radio-actne Suhsiaut^ 
Eadium may be used either externally or intemalh, for re'earti or 
routine therapy It mav be used as a salt when spread evenlr over ap- 
plicators and retained in position hr special varnish or the «alt mav 


employed in tube«, needles or in special containers 

The emanation or radio-active gas evolved from a solution of ra 
has the properties of a gas, that is, diffusion, «!olubiIitv m liquid?, 
densation, and liquefaction at a certain pressure aud temperature. 
also radio actne, that is, it ionizes air, di-eharges electrical bodies, a 
photographic plates, passes throu^ bodies opaque to light, aud p^o^o c 
phosphorescence in different substances and even in the glass which con 
tains It, Emanation derived from a dilute solution of 'oluhle sa c 
radium, usually the chlorid, may be freed from the admixture of 
and oxygen, due to the hydrolysis of water, and reduced to a lery s 
volume hr Duane & method of passing it oxer a heated copper coil ^ 
condensing the “impurity” of hydrogen and oxvgen bx liquid air 
it mav be passed bx mercurx pumps into capillary glass tubes wine 



ACTION OF RADIUM, LOCAL AND GENERAL 551 

sealed off into lengths suitable for \anous containers The emanation 
may also be compressed into special containers and used -without “purifica 
tion ” It may be set free into special diambers for inhalation or dis 
solved in water for drinking or for injection 

Radium A, B, C, the so-called actne deposit from the emaliation, 
may be used for external application b> various appliances or when de- 
posited according to Duane s method it mav be used medicinally b> in 
jection, etc. As radium in the form of a salt, such as the sulphate, loses 
half Its strength in a little less than 2 000 years it may be regarded as 
practically constant for therapeutic purposes The emanation, however, 
loses half of its strength in 3 85 da^s that is, it weakens practically one 
sixth a day , therefore allowmec for this must be made in treatment The 
deposited activitv, radium A B, C loses half its strength in one hour 
Because of the technical procedures necessary for purifying the emana 
tion and for obtaining the active deposit and because of the relatively short 
period of their activity, these forms of radium are in less general use ex 
cept in clinics where a phvstcal laboratory is maintained 

The usL of radium emanation however, has certain practical edvan 
tages, particularly in avoiding loss of the radium by theft or accident 
The solution of radium mav be kept carefully locked in a safe while the 
emanation is constantly bem^ lortncd from it The emanation may be 
put into containers of various avrls and conveniently sent away by post 
It should be borne in mind however that half the strength is lost in 
S 8o days, therefore the emanation can be sent only a limited distance 
The disadvantages of using emanation are that it is constantly losing its 
radio activity as above indicated and it i«, therefore somewhat more 
difficult to apply very exact dosage, which may be important in certain 
cases 

Action of Radium Local and General — It hu been said that radium 
acts merely as the most expensive and efficient form of cautery as yet dis 
covered On the other hand, it has been claimed thvt the radiation from 
radium has a marked selective action in destroving pathological tissue 
without affectiUp normal tissue Betwoeu these extreme views however 
a mean should be taken While it is true that the alpha, beta and gamma 
rays do exert a somewhat selective action this however, is only relative, 
the more embryonic and cellular tissue being chiefly altered By prolong 
ing the exposure however, even dense fibrous tissue may show changes 
There is great vanation in the effect of radiation upon different growths 
and also on normal tissues The lymphatic oigans are specially sensitive 
and easily destroyed and also the hair follicles the glands of the skin 
and the reproductive portions of the ovary and testis The endothelium 
of the bliod vessels may swell np and cause occlusion of the vessels with 
marked diminution of the blood supply Cartilage bone muscle con 
nective and nerve tissues including brain are very resistant to radiation 
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In man) cases it is impossible to predict bj histological eTamination 17111011 
growths will be easily affected and which will prove refractory to thp 
action of the rays Although it has been supposed that the action is 
pureh local and direct upon the cells thcraschts, there mav abo be an 
indirect, possiblv evtolytic, or other “immunity” reaction secondanh 
produced The destniction of tissues exposed to radium is usually bi 
necrobiosis, the nuclei hccome swollen and vacillated, the nucleoli bwMinc 
enlarged and fragmented, the staining characteristics of the tissues are 
altered, and death of the cell ciisut** It 19 believed that the effect of the 
radiations ® is to produce ionization of the atoms of the different sub- 
stances the ravs penetrate and that chemical changes follow as a secondary 
result of the ionization 

After exposure to radio-activo substances there is usually a latent 
period of longer or shorter duration before the effects become evidint 
This latent period vanes from one or two dws to even two or three 
weds or longer It depends in moat instances upon the strength of the 
source of cnorgv and upon the amount of hllration and protection us(?d 
In certain instances it may depend upon personal idiosyncrasy 

The effects of exposure to radio active substances mav be either local 
nr general Local effects on the skin may vary m intensity from errthema 
to vesiculation or ulceration of varying degree and possibly lead to the 
development of cancer To tlic«c danc,crs the attention of those engaged in 
radium thcrapv is particularlv called General effects such as «terilitj, 
changes in the blood, and conatitiitioDal disturbances such as nausea and 
vomiting may occur* 

Comparison of Xray and Radium — A)fhoUe.h there are mimemus 
physical differences between Roentgen rava and those emitted bv radio- 
active substanceo, m certain respects they are analogous The\ produce 
similar chemical action on photographic paper or film, they cau«e fluorcs 
cence, they penetrate opaque objevts, and have the property of 
the air and so rendering it a conductor of clcctncitv The similarity 
tween the phv Biological action of the Roentgen ravs and of radio active 
substances, particularlv if used bv like methods, is striking In genera 
it may be said that the local therapeutic effects of unfiltored X ravs pro- 
duced by soft tubes and low voltage may be compared with ravs iro 
radioactive substances if filtered through a very thin sheet of paper or 
aluminum which intercepts merely the alpha ravs, that is, un«crew 
ravs with very short exposures of a few minutes are comparable m e e 
to weak beta rays of radio-active substances with exposure of from fa ee 

Radiations will be the term applied to rays particles or electron* detiv 
from radio active substances jji 

These have been described in conaideraWe detail by Tvzzer and ^ 

Diseases of Occupation and V ocational Hygiene Kober and Hanson P I'l* 

Son 4. Co 1016 
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minutes to an hour Such rajs ha'c comparatnely little penetration and 
are used in the treatment of superficial lesions of the skin and mucous 
membranes for it is belieied that oiil> the rajs absorbed produce phvsi 
ological changes It is, therefore neccssatj in order to produce anv 
matkpd effect on deeper tissues to use screens or filters to check the less 
penetrating ra>s which would otherwise he absorbed hv the superficial 
tissues and cause marked destnutwe changes there, before the less numer 
OU9 and more penetrating rajs «ould act on the deeper tissues When 
using rulium it h-is been shown that screens or filters {lead 2 or 3 milli 
meters thick, brass 1 2 miliimeters, or other heavy metals such as sihir 
and gold or platinum) allow the penetrating hard beta and gamma rajs 
to pass and intercept tho alpha and soft beta ravs which would otherwi'se 
be absorbed and cause destmotnc changes in the superficial tissue It 
must he remembered in this connection tbit metals more particularly 
lead used as filters for ndiatioos do give off, in a varying degree soft 
beta the aocalkd secondary ravs Ka the amount of the more penetrat 
ing ravs is onlj a small proportion of the total activitv, less than 5 ptr 
cent It IS nece«arv jn deep ther ip\ to make the v vposures corrcspondinglv 
long Hours are required even twcutv four, fortv eight or longer, for 
deep therapy with heavih screened appiratiis, whereas a few minutes to 
an hour are u«ed in the treatment of more superficial lesions with radium 
Fluorescent djes, colloidal mctils and other substances have been advo- 
cated to activate or intensify the action of radntions Thev hayo not 
as jtt, however hem provtd to K of clinicjl value 

In practical radium thcrapv radio active substances are in certain cases 
doubtless preferable to tho u c of Poentgen rays particularlj when there 
18 necevsitj for the most prr ise localiration eapeciallj avithin the bodj 
or in the cavities diffitult of ac< e s al o when the condition of the patient 
or Circumstances demand port ibilitv of the therapeutic agent for con 
venicnce or case ot treatment Tlic disadvantages of radium are its grcdt 
cTpen«e for sufficient doses ncocssirv m some rases also the possibilitv 
of loss of the salt by accident or theft This may however be obviated 
hj insuranc of the radium or by u c of the emanation as above indicated 
but the oapenso of the litter is increased because of the necessity of re 
taming a phjsicist and equipping and carrvmg on a physical laboratory 
^Vhen sufficient clinicil experience has been gamed m the application 
of the recent adv aticcs m the production of highlv penetrating homogeneous 
XrajB of great volume bj Coohdge and his coworkers, supplemented Iv 
careful scientific stuilv of the physiological effects, we believe that there 
will be m the majoritv of cases very little difference lu the therapeutic 
value of the X rav and radio-active substances 

If radium is to be emplovcd as a therapeutic agent it is important 
not to use X rav or any form of caustic prcviouslv, for the results of ra 
dium thorapj under such circumstances are usuallv verj disappointing 
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Medicinal Use of Radium — Tlic treatment of «!o-called medical diseases 
radio active substances must be considered even at the present time 
to bo in the experimental stage ITie indications and contraindications 
are not as jet clear nor have the rcbults been sufficient!) definite in many 
instances of supposed euro to judge tlio real value of the treatment 
Radium maj be administered iiitcmallj as a therapeutic agent bv 
yarious methods A soluble salt sucli as the chlorid or hromid of radium 
maj he injected into the bodj or taken by mouth or used for bathing 
The emanation the radio active gas evolved from a solution of radram, 
18 somewhat soluble in water and maj thus he used in the ■'ame manner 
as the soluble salt In the form of gas it inaj also he taken into the lungs 
by various devices — in the small personal rcspintors, with mouth or 
nose pieces, in cabinets or m bud or in room emanatoria Patients remain 
for hours in some of these, the resulting carbon dioxid and water vapor 
are removed bv aoda limo and sulphuric atid, oxvgen is added, and the 
temperature la controlled bv coils as in tho calorimeter Ihe aelne ie 
posit radium A, B, C, when deposited on salt, raaj be administered m a 
manner similar to the soluble salt above indicated The dosage of the 
vanous forms of radium taken intcrnallj is, at present, verj variable, wide 
range having been cmplojed by various workers ns below indicated 
Radio active substances maj bo cmploved in other wajs In the form 
of packs, naturallj active material of pitchblende residue or artificially 
activ ated m itcnal is vised It has also been given ns baths, the water be* 
mg derived from naturally radioactive springs or water to which h« 
been added «ohihle radium salt or emanation Indeed, it has been claimed 
that tho beneficial effects of the waters of ctrtain well known ’prings are 
due to the fact that thej contain radio-active substances chiefly emaaa 
tion I\Tien radium or its products arc given hj mouth it is believe 
bj von Noorden that there is greater effect upon tho hver, as the emana 
tion reaches tho heart through the portal veins and leaves the bod) alifloa 
entire!) through the lungs within a few hours When cmanatioa is 
inhaled he considers that the emanation goes more rapidlv into the gen 
oral circulation In the radio active hath of 200 liters the natural radium 
content vanes from 31,000 to 120,000 II L (Hache units) or in '«ome 
instances 450,000 HI E ' . 

When water is artificial!) activated, similar amounts have been u« 
When radium emanation is used for drinking, 1,000 11 E a day 
10,000 or, in certain instances, 90,000 1[ L a daj have been given ' 
tho German school Thej usually begin with do'ses of 330 ^ 

times} a day and for further treatment proceed to 5,000 or 10,000 M 
three times a day and m mdividnal eases 30,000 to 90,000 Jf E a aj 

The Radium Institute m London, dunog the jear 1914, reco mmended 

One thousandth of a milligram (a mierogram) of radium solution m equilibr' 

J8 equivalent to ” 700 M E of emanation 
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dnnking of at least ^4 of witer activated bj emanation containing at 
least 1 miJhcune per liter (a milhcune being equivalent according to the 
physicist at this Institute to 2 160 000 ME) This would make the 
dosage vary from 540 000 to 1 080 000 M E daily It is believed at the 
Padium Institute that at least six weeks treatment is neoe«sary before 
benefit is noticed 

When a solution of the soluble salt of radium is used for dnnking 
or for subcutaneous injection the dosage given has varied from 50 to 250 
micrograms The above indit ites the verv great vanations m the dosage 
which have been employed hv different observers Similar variation is 
seen in the case of emanatorium triatment in which some recommend per 
liter of air 2 to 4 AI E , others begin with the same dose and incrense to 
22 M E and gradually to 45 m special cases to 110 eventuallv to 220 
440 or even CGO ME A on Noorden and Falta have given 1 200 M E 
per liter Contard recommends emanation from 2 to 4 milligrams of 
bromid of radium (without accutnulation) m i room of 10 cubic meters 
He has the patient remain in this room for one and one-half hours Va 
PIOUS devices are now on the market for furnishing water containing 
emanation The dose is m manv insumcis smell and it is important 
that the products of apparatus used in conjunction with radium therapy 
ehould be carefully analyzed by a competent physicist for the true radium 
content 

Physiological Action of Emanation — It has been claimed that emana 
tion in manv patients increases the giseous exchange and the respiratory 
quotient In Basedow s disease althougli tho basal exchange is above 
normal, it may be still further increased by emanation Emanation is 
thought by some to increase sugar metabolism as well as th it of albumin 
and punns Tho uric acid output is particularly mcroaoed ]>y emana 
tion in eases of gout The influence of emanation on the blood picture 
may be striking at first there jnar be hyperleukocytosis and later a 
diminution in white colls There is a relative increa e in mononuclear 
cells It is al«o claimed that m certain instances emanation acts as a 
diuretic and it has been said to exert a stimulating influence on the sex 
glands particularly in cases of acquired impotence or m tabetics or in 
senility Ca«C9 are cited of the return of menstruation after the meno 
pans* and also in certain instances of amenorrhei It Las also been as 
serted that radio active matter modifii a the phenomena of inflammation 
and stimulates the action of the various ferments — such as the pancreatic, 
peptic, and lactic acid and the aatolytic ferments in the tissues 

Attention has been called to such symptoms as dizzmesy pressure in 
the head weakness albuminiinn and hemorrha^jis following large doses 
and experimentally it has been fonnd that serious complications may re 
suit in animals With large doses also there may be marked changes in 
the metabolism and in the blood picture Such claims hait not been 
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Medicinal Use of Radium — The treatment of eocallcd medical diseases 
by radioactive substances imist be considered even at the present time 
to be in tho experimental stage The indications and contra indications 
are not ns jet clear nor have the results been sufHcientlj definite in manv 
instances of supposed euro to judge tho real v iluc of the treatment 
Radium maj be ndministered intcniallj ns a tbenpoiitic agent bj 
various metliods A soluble sail such as the clilorid or broraid of radium 
imv be injected into tbc bodj or tabtn bj inoutii or u^cd for bathing 
The cwianatioH. the radioactive gas evolved from a solution of radium, 
13 somewhat soluble in water and inaj thus be used in the same manner 
ns the soluble salt In tbc form of gas it ninj also be taken into the lungs 
bv various devices — in the small personal rcspiritorS, with mouth or 
nose pieces, in cabinets or in Kd or in room Lninmtoria Patients remun 
for hours in some of these, the resiilliiig carbon dioxid and water vapor 
arc removed bv soda liino and sulpbnric acid, oxvgen is added, and the 
toinporature js controlled bv coils ns in tho calorimeter The aeine dc 
posit radium A, B, C, when deposited on salt, mav be administered w o 
manner similar to the sohibU silt aliove indicated Ihc dosage of the 
various forms of radium taken intcrnallj is, at prc«cnt, verj variable, wide 
range having been cinplojcd by various workers ns below indicated 
Radio active substances may bo cniplojed in other w ns In tho form 
of packs, iiaturalh active material of pitcbblcndo residue or artificialh 
actuated material is used It has also bcoii given ns baths, the water be- 
ing derived from inturally radio activo springs or water to which h<ij 
been added soluble radium salt or cmaiintioii Indeed, it has been claimed 
that tho beneficial eiTccts of the waters of certain well known springs are 
due to tho fict that tlioj contain mdio-aetive substances, chiefly cmana 
tion ^^licn radium or its products are given bj inoutb, it is believed 
bv von Noordon that thcro is gnater effect upon the liver, as the emana 
tion reaches the heart tiirougli the port il veins anil leaves the bodv almH 
ontirolv through the lungs within a ftw hours When emanation is 
inhaled he considers that the cmnimtion goes ninie ripidlv into the pu 
cral circulation In the radio active bifli of 200 liters the natural radium 
content vanes from U,000 to 120,000 Jf L (Jlachc units) or in some 
msfauces 450,000 ME" , 

When water is artificiallj activated, similar amounts have been used 
^hen radium emanation is used for drinking 1,000 Jf E a daj np^ 
10,000 or, in certain instances, 90,000 MPa dav have been given K 
tho German school Ihej usiiallv begin with dr>«cs of 330 Jf T three 
times a day and for further tmtment proceed to 5,000 or 10,000 M 
three times a daj and m individual eases 30,000 to 00,000 M E 7 
The Radium Institute in London, during tho jear 1914, rec ommended t le 
One thousandtli of a milligram (a miero^ram) of raiiiim solution in cauilibriu 
is equufllcnf to 2 700 51 r of emanation 
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Gonorrheal Arthritis — T he wsults ire not favorable althouc;li occa 
siODalh improvement is obtained on injecting solutions of soluble radium 
salt in the vicmitj of the joints 

Tuberculosis of Joints — Results are not favorable 
Gout — His reports a large series it ei es of gout treited by eniana 
tion, the uric acid content of the blurd is said to be greatlj lessened 
although there is not a complete pxrilUl in the blood content and the 



Fig 5 4— a Blood Sme\b ffoii a Patient with Mteiotsxous Leukuiia Takex 
before PtDiUM Tre.mme'iT 'Vljte Wood c nnt SOOOOO 1 rge numVer of mielo 
c}le and tnielobl its a e I> n 

clinical changes Some c3«es show improiement in the general condition 
subsidence of joint swelling without marikcd diminution of uric acid in 
the blood Other ca es with ginti nodes, even m penid? of the most 
freijucnt attacks show no abninnul jmount of uric acid in the blood 
ilany cases under treatment li ridinm emulation show disappearance of 
tbo tophi in tin. Gir Giidzcnt repcitel c nc Lnudrtd cn i:. of gout in some 
of which he secured still further iinjro\iment b> injection of a dilute 
sjlution of radium alt In the banning of treatment there may be 
temporarily an increa e in pain as the resnlt of reaction Emanation maj 
be used both by drinking and bv inhalation Radium should not replace 
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genenlh coiifirnicd It slionld be realized that the real \ ihie of tk 
luterinl or medicinal u«!e of rndinm and its products is at prosuit iloubt 
ful, and Iwau'e of the jx> sibilit> of Inriiiful cfficts it is ndM^iWi to 
begin Mith small doses and to be conser^ntne ni onr estimitioii of tk 
results 
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Arthritis Deformans (Chronic 1 heumalt^ni) — Hit tNpos with exuda 
tion are said to he more fniorable than the dr> forms IIis ins rejN'rteJ 
C 1 SCS uith striking iniproMnient in (he ginernl condition At the liadinm 
Iiistitiiti m london, Pinch reports e^treinol\ faaoriblc ri Milts somo 
times, as he said the results are mnnrknble At tins Institute, cc 
of cinaimtiou solution of a strength not less tlian 1 imllicurio pir htir 
up to 2 millRuries per liter an. gnen to patients suffiring fnuu tins 
obstinate, painful, and erippliUc. disoisc Pinch sa^s that it is dilfiuilt 
to predict with ccrtaiuta the degno of nnproicmcnt likth to occur in 
am particular case hut that the cases ulneh nppe ir to derive most Uiufit 
arc thobc in •which the disease is of Klatnch short duration ami the 
clnngts an periarticular in t\|>o »iid miilli irticuhip m distribution Ik 
age of the patient al o exerts some infliicnee, tho e under fortj rispomhn, 
more quickh to tlic action of ciuaimtion I ittle or no improviiucut cm 
bo looked for m instuues when cir(i]ae.ii>oii3 or o seous eliangis arc pro 
dominint ^Mien limit atioii is due to pirnrticulir Jibrous tlnckciiiu" 
considerable increase of mobilih often follows and enibles patients to 
perform actions such as fieding theinscKos, hrii lung tiicirhiir, «hn'ni , 
etc , which thev una have been powcrlc s to do for some innntlis or creii 
^ ears JIii cnlar and articul vr puns arc k seiicil or dis ippi ir, gratiUo o 
tho joints on inovtmciit is not «o iiinrk<.d, muaclcs inn rcgiin much ot 
their lost tone, and the piticnt’s gintral keiltli mav he much impuned 
The treatment must, however, be persisted m for qinle a long time, at 
least six weeks hiforo aiij change is noted IftCniddi-n Ixhovts tia 
tho crcatiniii mctalwlism maj bo mfluenced bj ruimm ennnntion water 

Acute Articular Rheumatism — In the innjontv of ones tnitiuhv 
Ton Noorden it is claimed that cmanatornim trentnieiit acts ns ws ns 
salicvlites, the locil svmptoins subsiding m a fiw ilnvs Snlicvlites wen 
used 111 conjunction with emaiiatiou, however, in cirtaiii ca«c 
ment ■was from two hours to over night and the doses 220 to 1,200 il 
^ on Noonlen and Palti Ixluvc cmvuation is spcvialh valuibh m 
which do not stand salicjlates well 

Chronic Arthritis — In arthritis secondary to icnte p,cnornl infection 
or from a focus in the tonsils, teeth, etc , results are doubtful 
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Gonorrheal Arthritis — Thf^ rtsnlts ire not favorable iltliaiigh occa 
sioiially improvement is obt imid on injet-tmg solutions of soluble radium 
salt in the vicinitv of the joints 

Tuberculosis of Joints — Re ults are not favoiable 
Gout — Ui3 reports, a large series of case'i of gout treated bv emaiia 
tion, the uric acid content of the blood is said to be greath lessened 
although there is not a complete parallel in the blood content and the 
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clinical changes Some ciaes show improvement m the general condition 
subsidence of joint swelling vvithont marked diminutioji of uric acid m 
the Wood Other cases with gont> nodes even in period? of the most 
freijneiit attack? sliow no abncinnil omtunt of uric acid in the blood 
llanv ciscs under treatment 1' radium emanation show disippcoranco of 
tho tophi in the car Giid/cnt rtported iit hundred coses of gnit in some 
of which ht secured still further improvement hv injection of a dilute 
Solution of radium alt In the beginning of treatment there maj bo 
tempiranlj an inere'i?e in pain as tlie result of reaction Emanation mav 
he used both bv drinking and bj inhalation Radium should not replace 
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treatment In diet and other coiinnoii aids in tin. tn itmeiit of gout «uph aa 
Ingicme incisures colelucnm and relntotl drugs 

Leukemia — Von ‘\oordcii and Tilta did not obtain niij faioraliK 
results bv cmanatorium treatment m ktikemia but only produced an 
increase in the blood count. The nriters, hoire^cr, In surface appliu 
tioiis of nullum oicr the enlarged spleen hate, in a scries of cs'cs, ob- 
ened a most remarkable iinprmtment and striking changes in the «i7c 
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Fio 6B — \ Blood ‘'Me\k from a PA•^E^T wmi 'MTrrocE'OUs LrcKEsriA 
ftiirwg THE CoLiLSE or rADitm Tbeatmett Thpre t# * market liminution in 
number of white blocl-eell it 000 tho limmution is chieflv in the niieo ss 
and nuelocjtes with a relatnc incrca e in the polMnorphmiiclear leiikocjlps 

of tlie spleen, the blood picture, and the general condition of the patient 
In the course of a fon •necks or, in stnbbom cases, m tliixc or four inon is 
after treatment bj the surface application of radium according to ® 
method described in this artielt, a spleen nmeh filled almost the entire 
abdomen, extending uell to the njdit of the median line and into t^e 
pelvis and cau3in„ marked pre&sure 8>-mpfonis, has boon reduced to 
dimensions so that it v\ is not palpable below the costal margin I ^ 
with white counts of from 500,000 to 700,000 became C 000 to 8, 
The immature forms of wliito cells — the myeloblasts, myclocvtes are cs 
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peciallv affecte<l The hemoglobin mewased from 40 to 70 rr even to hO 
or 00 per cent The red blood-corpuscles mcrcii«ed from 2,000,000 and 
2,500,000 to 4,000 000 and 5 000 <M)0 indeed the blood picture often 
approximated normal Apil* cma<i4te«I anxious individual with promi 
nent bonj frameviorh stoopin^, shoulder^ and enormousH enlarged abdo- 
men usually loses the anxious exprewinn becomes plump the abdomen 
returns to normal bul tbe color and trength improves so that the patient 
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Fro 8C — k Bloc® Smeus fieom a P4Tie!«t with MratooEvors Lrusmn TaKXV 
aft iHE CoDR^e or RADluai TuEATMrvT The mjelocvtcs hive entireel7 dis 
appeared the 1^hlte count is SOO eon id r He variation in sue and shape of the 
red cells persist however 

mav fetl entirely ucll The patholi^cal condition however sooner or later 
IS apt to relapse gradualh and the rtsponst is kss prompt in subsequent 
senes of radium treatments although cases have been kept in good condi 
tion for a period of one to four vears bj occasionally repeating the radium 
treatment. Kumerous cases however have died of intercurrent infections 
or have succumbed to the original disease Although these results m the 
radium treatment of kukeraia arc most striking in the chronic my elogenous 
variety in certain cases of lymphatic lenkenua results are almost equally 
good It must be understood however that the results should bo regarded 
at tlio present time mcrtlv in the light of palliation and not as cures. 
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It 18 hoped, hotve\tr, tint future nscirch mil at least increase the dura 
tion of these remnsiona AltLougli tlic trentmtnt must not k considered 
at the present time os cumtivo, from the results obtained it is the be«t 
form of treatment now at our disponi Certain of the cases which r^ 
spend promptly to radium applications oicr the spleen had priviouslr 
proied entircl\ refrnctorj to prolonged X ra> and to knzol treatment 
It IS to be noted, ho\vc\er, that in tho surface applications of radium 
ahoic described the results were obtained mthout radiating the long bones, 
m fact, in one instance in which the long bones were ndiitcd there was 
apparenth, an increase rather than a diminution in the white cells It 
13 also bohetod that the rcsulta arc more prompt b\ the radium treatment 
than hj X ra% as hitherto emplotcd, and no case hns been accompanied 
h\ SCI ere toxic simptoraa, nltliough there is a marked increnst in the 
cudogenoua purin metabolism On a pnriii free diet, uric acid, urea and 
total nitrogen in the urine arc markedly increased 

Miscellaneous Conditions — In a Aw cits of croupous pmimnia 
It IS claimed that the tomperaturc began to fall earlier than usual sod 
b^ I3613 and that tho dissolution of the crudate was stnkijigU rapid 
Ihc symptoms, such as difficiilti in breathing were markcdls relieved la 
tho cmanatoruim in which 100 M L of emanation per liter was used 
In certain instances tho patients remame*! m the imanatonum over night 
In (haleles tnelliUis the effect upon the sucar metabolism is not constant 
but the emanation ther^p^ is said to affect fiuorabh diaktic neuritis In 
certain cases of neuralgia neuritis, and sciatica, it has boon claimed that 
the condition has been benefited Claims have also been made for fa^^ 
able tberipeiitic effects m the Cfl«e of arlenosclerosi^ ci.rtnm kidney dis 
cases and ercu in tabes dorsalis, in the latter mstanco more particulariv 
in relieving the ao-eallcd lightning paino In some cases of m 

wlucli a positive Wassermann pcraistwl m spite of active and prolon^J 
treatment intravenous injection of from fiftv to two hundred uul fi tr 
imcrOjP'ama of radium chlorid solution at intervals of a few dajs an 
later once a week resulted in the roiction hccomiug negative m certain 
instances It would seem, however, that there has boon much cxagjjeratiop 


of the value of radium 111 many of these chronic conditions 

Tho indications and contra indications for tne mtemal use of ra lU® 
are vague Ihe value of tho medical uses of Vadium has been ' 
exaggerated and reports are confusing The gi\at variations in osa- 
add to this There seems no qnestion, howovcB uiat benefit has 
rived in certain forms of pout and chronic and neuritis 

effect upon the l>'?niat'j;^>^ti8siiea, 

must, however, he iorni m Sm T 

m cases of poriicious nnemin ci^tlfocvtlicmiuynd in Ii^c -> 
tho latter tk tiood pressure is Raid to have kci\ reduced to no 
the subjoctivVsjniptoins nro said to have disa^po^arcd 
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Internal therapj by radio-active anbataoces is still too recent and 
poorlv controlled to e^pre s a Ter3 dectsne opinion regarding its lalue 
Tbe duration of farorable results reported is not knonn in most in 
stances There is need of more control rases and of a large number of 
cases worked \\p in detail treated b\ different methods and followed to 
end results before certain concinsions mar be drawn. 

External and Surgical Use of Radium — The ralue of tbe so-called 
surgical use of radium is much more definiteU established than its medic 
mal use E\en the most conservatire and careful clinicians who have had 
an> extended personal experience with adi.quate amoutita of radium rec 
ognize its value and limitations when used m certain surgical disea es 
In a large proportion of this class of cases, surgcix is undoubtedly pref 
erable and radiations it employed at all should be used not to replace 
but, in manj instances, to supplement sulcal procedures We believe 
that manj of the extraordiwarv claims have prevented x proper eetima 
tion of the true value of radium therapj, both by the profession and the 
laitj This has been due to the fact that the exccptionil cases in which 
there has been great relief or even cure have been reported as if thev 
were the rule In deseribiog the limitations of radium therapy the fact 
m.u«t be taken into account that there are from time to time very ex 
ceptional cases particular!} of malignant tumors some of which have re 
pesfedl} recurred after numerous operations and also cases that have been 
entirelj inoperable which have apparenth vielded to radium therapv 
Vhile the careless or the overentlnisiastic phvsicun has described these 
cases as if they were the rule 'ct it is bv studvin,^ them most carefullv 
and becoming acquainted with as many of llie factors involved as pos 
sible that we mav hopi that lliest now vxceptionsl uid unnsml oasi>s iinv 
become more and more frequent It is thiii. also that we maj expect 
truly to advance the progress of radium therapy In describing coiidi 
tions in which radium therapv has been used it is difficult to follow a 
svsfematio or logical amngtmcnf either from the point of view of path 
ologv, etiology or anatomv Therefore both anatomical and pathological 
arrangement will be made use of 

Nethods of Application —It is almost impossible to give detailed rules 
for the application of radiations Tlie mirce of rnhation for therapeutic 
use should be not only phvsicallv but plivaiologically standardized under 
the exact conditions m which it is to be emplovcd The duration, amount 
of radio active element filtration distance and m certain instances the 
individual variation of the subject of the expenment must be considered 
The great variation m the reaction of different tumors to the radiation 
has been pointed out bv Werner Ip practicv it has been found of the 
utmost importance to use the method of phyaiologicvl stindardization 
not only for becoming familiar with the various changes produced iti 
animals but m the tissues of man subjected to radiations For example 
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in order to apply radium intelligently for therapeutic purposes, it 13 nec- 
essary to eaCiblisIi a so called 'erythema dose," that is to determine tlie 
tolerance of the skin to tho Tarious radiations under the conditions 
employed 

Tho degree of the acute reaction following the exposure is rerj varialle 
depending upon soi oral factors, namclv, the intensity and quality of the 
radiation, tho duration of the erposiire, the part of the hodr exposed, and 
the indi\ idual sensitiveness or tolerance Qoeht claims that there is no 
special idlest ncrasj as was atone time believed The infensitvand quahtr 
of the njs depend on tho amount of radioactive substance, the distance 
it IS from the patient and the filtration employed The effects depend 
on the njs ahsnrbod l)\ the tissue The therapeutic indications and effects 
of the X rajs and radio-aetive suhstancca art ilmost identical when em 
ployed similar methods 

Numerous refinements of the technic of radium application have been 
suggested, and ■nhiJt. some of those inav facilitate the more cract fisation 
of the radium to the area under treatment, just as good results inav he 
obtained bv simpler applicators, if due care is taken. For the trwtmwt 
of lesions about the face or mouth, molds of dental wa^ may be m d® 
m which the radium is embedded In some clinics where emauations aw 
used, capillary glass tubes or “seeds” contaiiiing minute quantities 0 ^ 
this form of radium are buried in the diseased tissue and left there Since 
the introduction of needles oont lining radium clement however the ssnie 
results maj be obtained by inserting the metal needle and yvithdrawiag it 

a thread attached to the eye of the needle, after the desired length of 
exposure 

Unusual technical methods such as baring the radium rotated by a 
clocklike meebamsm so as to diffuse the ravs, on tht. theory of more 
distribution, do not seem to offer any practical advantage in treatment 

The strength of radium depends upon the amount of radium element 
present Therefore, in rtporting cases the dosage should be accurate v 
stated m milligrams of radium or iniiliciiries of ndium emanation per 
hour, per unit area A niillicune is the quantity of emanation that 
nisbes the same penetrating radiation that 1 milligram of radmm e®" 
ment produces The dose employed in the extenial and the <10 called * 1 "’ 
gital use of radmm u&iiallv vanes from 50 to 200 milligrams, m eertii'^ 
instances 1 or 2 grams have been used The smaller doses aro employ® 
chicflv in superficial skin lesions, the larger for large growths d'H.pv 
situated , 

Tubes, needles, and surface applicators containing radium are us 
on patients according to the following general rules to which, howeTCJ" 
there are many exceptions TTiese rules indicate onh single appheatums 
and can give no idea of the total number of applications or of the tune 
elipsing between them Ihe number of applications vanes greatly 
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the ■variety and size and extent of the lesion and the intervals are, m 
most instances, from four to sr^ weeks although, in certain cases ap^ 
plications are made everj day or two for a neck and then, if neccssarv 
repeated at the regular four to SIX weeks interval The most obvious im 
provement usually occurs after the first or second application which 
should, therefore, be of sulficient intensity to produce the best results 
Repeated ineffectual applications at too frequent intervals mav produce 
actually harmful destructive effects bmall supcrfacial lesions may require 
only a single application of a hilf hour to one hours duration The time 
of application depends not only on the strength of the applicators as above 
indicated hut also on the size and nature of the lesion the area to he 
covered and the sensitiveness of the patients km Certain technical dc 
tails of application aro illustrated in the accompanying illustrations 
(Iigs 1, 2, 4 fi and 7) 

GENERAL RULES FOR APPLICATION OP RADIUM 

(The follouinfj ruZga apply uhat-anaierage of one hundred mlUgramj 
of radium element or lU enunaUnt ernanatmi are used ) 

1 Effsets OQ Pathological Processes Beneath Intact Sktn — Surface 
application — screening or filtration 2 to 3 milhiiictcrs of lead or cquiva 
lent, pro{e»*tton from secondarv radiations gauze or paper, wood, distame, 
and rubber, exposure four to six hours or less 

2 Superficial Skia Lesions — buch os keratoses small growths etc 
Srreemnp none or 0 1 to 0 5 millimeters of aluminum or lead, protec 
iion nyiiiwi secondary radiattm none or rubber cover to keep applicator 
clean adjacent normal skm carctnUv protected by a shield of 1 to 2 
millimeters of lead gauze and rubber exposure ten minutes to two hours 

3 Deep Skin Lesions with Ulceration— 5crf«ntjiy none or rubber 
cover for keeping applicator clean protection of adjacent tissue as in 
No 2 exposure two to four hours Note if ksion la extremely deep or 
verv extensive srreenttiff 1 to 3 millimeters of brass or lead and rubber 
exposure four to twelve hours or ev n longer 

4 Lesions of Mucous Membranes when Superficial — ^amo as No 2 
except exposure of ono to two hours 

6 Lesions of Mucous Membranes when Deep and Growths Beneath 
Mucous Membrane — Same as No 3 except expo uro twelve to twenty 
four and forty-ci^ht hours duration and in exceptional instances somewhat 
longer 

6 Introduction of Radium within Growths — (a) For deep effect 
tubes with scnening of to 1 millimeter of silver or platinum Expo- 
sure four to fortv eight hours depending uptn size and natifre of tumor 
avenge, twelve to twenty four hours (h) For local destructive effect, 
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lu order to applj radium inteUig(>i)tl> for therapeutic purpo'ies, it is e«- 
cvsarj to establish a so-called “enthema doce,” that i«, to determine the 
tolerance o£ the shm to the ^anous radiations under the conditions 
emplojed 

The degree of the acute reaction following the exposure is reryTanaWe 
depending upon several factors, nameU, the mtensitt and quahtv of the 
radiation, the duration of the exposure, the part of the bodi expo ed, and 
the indiMdual 6onsitnene«s or tolerance Gocht claims that there is ni 
special ldloa^ ncrasj as u as at one time believed The intensity and quahtr 
of the rajs depend on the amount of radio active substance, the distance 
it 13 from the patient and the filtration emplovcd The effects depend 
on the raj s absorbed hv the tisane The therapeutic indications and effects 
of the X rats and radio-active subslauces an almost identical when cm 
ploted hv similar methods 

Numerous rchnomeuts of the teehme of radium application have been 
suggested, and vrhilc some of thtae mij facilitate the more exact fiiatiou 
of the radium to the area under treatment, just as good results mav tv 
obtained bv simpler applicalora, if due care is tahen For tbe treatment 
of lesions about the face or mouth, molds of dental wax mav bu made 
in which the radium is embedded In some clinics where emanations an* 
used, capiilan glass tubes or "seeds” containing minute quantities oi 
this form of radium arc buried m tbe di«ea ed ti«8iie and left then. Since 
the introduction of needles containing radmm element, however, the same 
results may be obtained bv inserting the metal needle and vnthdriwiag it 
by a thread attached to tho eye of tbe needle, after the desired hngth of 
exposure 

Unusual technical methods such as hav mg the radium rotated by s 
clocklike mechanism so as to diffuse the raNS, on the theorv of more even 
distribution, do not seem to offer am practical advantage m tiaatmeDt 

The strength of radium depends upon tiio amount of radium clemcat 
present Therefore, in reporting coses the do^ag** should he accurately 
tated 111 milligrams of radium or inillicuries of nduiiii imanation per 
hour per unit area A millicurie is the quantity of emanation that fur 
nishcs the same penetrating radiation that 1 milligram of radiiiui ec* 
ment produces The dose employed in the external and the so-calKd sur 
gical use of radium usuallv varies from 50 to 200 milligrams, m certain 
instances 1 or 2 grams have been used flu smaller doses are emptuy^ 
chiefly in superficial skin lesions, the larger for large growths deep S 
situattd , 

Tubes needhs, and surface applicators containing radium are use 
on patients according to tlie following general rules, to which however 
there are manv cxci ptiona The c rules indicate only ainnle applications 
and can give no idea of the total number of applications or of the tim^ 
elapsing between them The number of applu itiong vanes greatly wi 
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unfiltercd tubes, oiio to two hours up to twelve hours, length of tinip 
(lepcnduig upon size of growth and rcnction desired Unfiltered nerdb 
(10 miDjprams cich), rxpoanro for three hours imnll) causes necrosis 
without liquefaction md la a most useful method when the needles arc 
evenly plaued Cnpillarv gliss tubes containing 2 raillicuncs of emana 
tion, inserted into the p itliologieil tissues b> inoiiis of i trochar, arc 
Tlloued to remain, the cinatintion uudcrgoing slou decay and the gla s 
tubes becoming iiicipsulafed b> fibrous tissue 

Further Details of Application- — lor deep effects when 2 to 3 milh 
metcis of Jcul or cquUTfeiit arc used for filtration, tlio skin if intact, is 
protected from tiie nefioii of the t>ceoiidAr\, less pcnctnting ra^s by fifteen 
fotwenta liters of g iitzt, jnper, or b\ disfitice In practice, ridiiim apph 
citois ore wi ippcd in a tlitu sheet of rubber to preient soiling the rubber 
toiitninors being cli inf. 0 (( with onch piticiit In order to f isfcn the radiiun 
m place and to sccurc exact apposition wbieli is so necessary for successful 
results, doubU'-co itcd adhc'-nc plaster, such ns is used in the W icUara aud 
Dcgrais clinic in Pin®, Ins recently been advocated by Tou«cy and is ff 
great technical aid in rulium therapy Supporting bandages, cspocraJly 
of tho four tail \arut%, arc iistfiil in relieving tho tension on adhesuc 
plaster and holding the radium pjok in place Satisfactorv sterilization 
of tubes and needles is secured by soaking them m full strength Ivsol or 
cirbohe atij, then washing, them off ni alcohol and putfnip, thew in banc 
acid solution until used I or cleansing Clissohl recommends soaking thf 
tubes and needles in equal parts of ammonia and poroxiJ, this quicklv 
rcmoacs the dried blood or tlic dull appearance, then transfcmiig to 
alcohol and to etlicr, avliich rapidly <Jrirs the tubes and needles before fbei 
are put a%va\ c lia\e found tins mctliwl of grcit assistniice 

Pro/cctioJi — III treating superficial lesions particularh small lesions 
of the skin, bv radium, it is necessary to usi a sheet or mask of leid I 
millimeter or more in thickness, with giuze or paper beneath if, or a coat 
ing o± rubber with a Iiole cut in the shield slightly smaller than the lesion 
to bo treated V hanic«s or card punch is more comomciit than a km c 
for cutting the opening m the sLptt lead riirongh the opening the lesion 
may nou be exposed to radium and the adjacent healthy skm thus 
protected 

f ross fin — Tho principle of the so called ‘crossfire’ is importan 
for successful application of radium to largo growths or to dctprscate 
lesions Thfc method was first drsinlud by DonJimci and has since been 
elaborated by others, notabh m the tnatnu nt of uterini fibroids bv X wvs 
m tho Preiburo clinic llic aim is to concentrate as much of the action 
of the rays as possible in the dccp-scatcd lesion, with the least possibo 
injury to tin- overlying skin This ina> bt accomplialieil employing 
amall tubes of radium scattered throughout the tumor mass or bv suifaw 
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a skin pencil or grea«e paint the outline bcinj; indicated by percussion 
and palpation Then the \arioua landmarks such as the costal margins, 
anterior superior spine of the ilium the s^mphvsis pubis and the umbilicus 
are also marked The patient is photographed m an erect position in both 
frontal and lateral Mews A senes jt small squares about 3 centimeters 
in diameter when the radium applicator is 2 centimeters in diameter, are 
marked over the area of enlarged spleen It is important not to have the 
successive application areas too near tOf,ether or the skin between will be 
burned bj the doiiblL dose 1 he squares are numbered serialH Tracings 
are now madi on tracing cloth which serves as a chart for guidance in 
following the «erioi> of treatments swathe of thin cotton is carefully 
fitted to the abdomen and the outline of the enlarged spleen bony land 
marks and omall squares is traced upon it This swathe is left in place 
during the aniglc genes of treitincnts The purpose of the swathe is to 
avoid the irritation of repe^tedh applying and removing the adhesive 
plaster which holds the radium applicator m place It has been found 
that the area which is being or has lieen radiated is pirticularlv sensitive to 
injury from the repeited applicition ind removing of adhesive plaster 
The added irritation may induce vesiculalion or even superficial ulccra 
tion of the skin 

With the chart ns a guide the radium applicator screened with 
2 to 3 millimctci's of lead or brass and htteeu to twenty thicknes es 
of filter paper and wrappi.d in gauze n now applied to the squares in the 
order indicated It is necessiry also to add at least as much filtration and 
protection to the extcmil side of the applicator for the patient may in 
advertently bring soim otlur part of the body in contact with the np 
plicator dunng sleep and serious bums may result In tbi second eries 
of treatments which is usttalh necc^ iry m four to six weeks applicators 
are similarly applied A new swathe and tracing should be made at 
each sines The duration of the application in each ana with 50 to 
100 milligrams of radium is faiir to siv hours An amount of radium 
as small as 2^ milligrams has reduced a greatly enlarged spleen to normal 
size and caused the characteristip improvement in thi blood and general 
condition of the pitient but the time required is longer and the applica 
tions must bo more numerous 

The importance of the distance of the radium from the skm is well 
shown m the ilb tratirn of Rumiin Ht eompircs a tubi 1 millimeter 
away from ‘htoses and lo have bt,^ minute with the «ame tube 1 inch 
aw ly that -»ition of rfln some e ^ would require 2.> times 25 or C25 
minutes to produv,^ u icct I>y in teasing the distance however 
the difTeriiice la intensity becomes less for parts below the surface of 
the skin but it would be nccc siry to muca t greatly the duration of ap- 
plication as above indicated or tlu amount of radium if radiation at a 
distance were employid lor filtration 
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applications of heavily scrocntd ridinm to a larj^ number of areas rn 
the shin so that each area will not be exposed too long or too inkn«clj’, a 
result ivhich would follow tfio application of tlic radium to a single area 
for tho timo neccssarj to produce the desired result on the tiiidcrhin„ 
lesion By this cross fire method cnonnoiis doses ims he applietl to tbe 
deep Ifsion 



llO 7 — \miCATOB fxm TnF\TI\0 llEFPSFATEf) I FSION nV SlIOMF ApPUClTlOS 
TiiroLCK TJiF Skin wion xiir Lattpb Is Intact aso Dm nut ''ot 
fFFECT Is Dfsirep A tJircc hrflss tnp ulcs containing r uppctivetj ftj'ir t«o 
four radium nee lies In a lead Ik>x 7^ or iniliea Illicit D tlie litirr la 
into an envelop made of the inner tube of a motor cjcli tire Tlie cover of t 
Irail b X and tlie flap of the rnlilir envelop are hell by adhesive plaHter C gaui® 
bandage is folded info tvvcntv or fliirfj fivers nnd placed over the applicator 
comfort of the patient and 1> aid in avui ling Injury to the eVin from secondary 
radiations from the lead This effect may also be secure 1 bj filtration by distance 
by means of a vvoolen block but {.nur*. anl f It etc ore more comfortable 

Deep J//erapy— Cross fire as above dosenlicd, m ordtr to l>c success 
ful on deep seated lesions htneath the skm, ri quires strong filtration 0 
the ra^s. Iho technic of the so-called dcip tlurip_y, vvhicli should bo 
used when the greatest effect is desired on dccp-lvmg disease processes, 
maj he illustrated hj tliL. striking result of radium when applied m t'O 
proper manner to the surface over the enlarged spleen m cases of mjej 
o"onous leukemia For this tlie following details have been clahorite 
Ao area of the enlarged spleen is carefully and plainly marked out wd 
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or other forms of operation *ire ittcmpted to <lo e the wound deep recur 
rences are thus oh«cured and cannot Ve treated in lime The superficiil 
lesions treated bv radium require trom one-lifllf to a few hours expo'»urc, 
tvhile the deep lesions require twehe or eighteen hours or more When 
the ulcers affect mucous membranes tbe results are less f tvorable 

hpitheUomnta . — In some epithiliotmta of the skin tho results of 
radium therapt are cura 
tire In the flesln (basil 
cell) tjpc of carcinomi 
cilled bv the French 
‘caremome bourgi'onnmt 
the results arc remarkable 
Large growths melt awa\ 
under thf influence of 
ndntions Tho success of 
this treatment depends 
largely on the lareful and 
frequent cleinaing of tho 
lesion between the senes of 
treatments 

hpidermo\d Cnrcinn 
mata — As these growths are 
apt to metastasize early it 
18 unwise to attempt thtir 
treatment bt radiation 
There should ho prompt and 
complete excision unless the 
location or stage of the dia 
case contra indicates In 
cases which are inoperable 
becauso of their extent or 
in those winch have rpcurred 
after operation the results 
are rirelv if ever curitm 
although occasionally radii 
tion may he of palliative value 

roenlgcii Pay Lesions — Poentgon riv lesions of the skin, such is 
fissures keratoses and early epithelioma, aro cured or gnatlv benefited 
bv tho application of radium Deeper lesiom however, demand excision 
or amputation 

Papillomata I errurff (i»<f Aemlosca — When kcrato e are present 
tho results are much more rapid if the heaped up homj material is re- 
moved bv salicvhc ftcid 10 to 20 percent m flcviblc collodion The aenl 
15 thus held circumscribed and toav he left in plicc for twentv four hours. 
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For deep thenp^ in the nnturil orifices and cantios of the bodr, 
radium applicators arc protected by robber co\ering m order to prevent 
the more local effect of the secondary ra^s as well as for beeping the ap- 
plicators clean &uch treatment maj be applied at one sitting or inter 
mittenth uithin a few di^s There slioiild then bo an interval of frnni 
four to si'c vvcelvs during vvbieli the patient should bo observed and the 
radiated area cared for bj sulcal cleanliness It should be noted that 
as a rule the maximum beneficial effect is obtained with the first treat 
meut, vvhitli should be the theoretical optimum dosage 


ExTE^^AI, Use of Radio-4ctive Substaxczs 

Diseases of the Gkin — In the field of dcrmitologv radium therapy 
has been moat extensive! v used and is a most important therapeutic agent 
Rodent Ulcers — The«e ulcers 
arc most amenable to radium 
therapv, particularly the mure 
Bupcrhcial forms which have less 
induration and do not invobe 
bon© or cartilage Results of 
radium are much better la cases 
which have not been previously 
subjected to ineffectual and mis 
applied doses of A ray or to 
caustics aolid carbon dioxid, 
ionization, etc Extensive rodent 
ulcer«, involving bone and carti 
lage, v\ ith hard brawny edoC^, are 
very intractable to radium 
therapv, but m a few instances in 
which large doses have been n»cd 
and particularly when combined 
with very careful cleansing and 
dressing of the area and by allow 
ing fl sufficiently long interval to 
elap o between the intensive 
treatments, the results of a few 
years adreS stroii^on greatly im 
proved >apy, whicases exten ire 
operation even when the entire 
process cannot bo removed, is o 
value when the operative wonnd 
IS left open sometimes for manv months as advocateil pa 

that the fir-t sign of recurrence mav be observed and radiated If P 



j-jQ g Fpitjiei-ioma of Right Ear. (From 

Simpson 0 t Slosby Co ) 



GENERAL KULES FOP APPLICATION 01 RADIUM oG9 


or other forms of operation are attempted to close the ^vo\m(i deep reenr 
rtnees are thus obscured and cannot he treated jn time The superficnl 
lesions treated bj radium require trom one-half to n few hours exposure 
while tlie deep lesions require twehe or eighteen hours or mort When 
the ulcers affect mucous memhranes the results are less f ivorable 

f pitheliomnta — In some epiththomUa of the skm the results of 
radium therap\ are cura 
live In th( fleshy (basU 
cell) type of carcinoma 
called by the French 
‘ carcinomo bourgt“onuant 
the results are remarkable 
Large growths melt awn\ 
under the influence of 
radiations Th® succe s of 
this treatment depends 
largely on the cimful and 
frequent cleansing of the 
lesion between the series of 
treitments 

Lpulermoui Camno 
mata — As these growths are 
apt to metastasuc earlv if 
is unwise to attempt ihcir 
treitincnt b\ ridution 
There should bo prompt and 
complete excision unkss the 
location or stage of the dis 
ease contra indicates. In 
cases which are inoperable 
betaii 0 of their extent or 
in those which ha>e ixa-urre*! 
after operation, the results 
arc rarely ifcicr ciiratiTC 
although occasional!) railia 
tion may be of palliative value 

Poentgen Ray Lesions —I oentgen nj lesions of the skin, such as 
fissures keratoses and earl) cpilbchonia aro cured or grcitl) benefited 
by the application of radium Deeper lesions howe'er demand excision 
or amputation 

Papillomata I ernifir and Kerttlo ev — When kcrato c« are pn-vnt 
the results aro much more rapid if the heapcil up honiv material is re- 
moved b' sahtvlic acid 10 to 20 per cent in flexible collodion The acid 
H thus held circumscribed and may lie left in place for twcnt\ four hours. 
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On removing the collodion tlic rennimng pipillomntii or vemica: usually 
icspond qineUv to ndiinn therapy in ono or two treatments 

Kelotds — Lxccllent results arc 
□sually ol^taincd in keloids following 
tvounda, operntne or otherwise, or as 
tho result of bums The anesthetic 
effect in painful keloids may be marked 
Treatment slionld not be too intcn e and 
must bo continued oicr ft considcralle 
period, iisiiftlly for months 

Contractures, 11 nr Jnyunrs — 
Radium lias been used succcssfiillj m 
flic nftcr-trcitrncnt of old war idjutics, 
sutli ns pniiifiil scars md fibrous 
adhesions in joints and about tendons 
Except when there is extensive and deep 
. scarring, ns in the thigh where fairlv 
tiQ 10 — Kvloid 01 Hack of Neck , f’ _ i,iii a* poml 

ItccuuRExcG AFTEii ^un<’^CAL Rf lafgo do«C8 arc ‘1 ’ ^ .. J 

SIOVAL. Patient referrea by Uajard results art obtained by smaller nuu 
HolmcA (Prom Simpson C V ulort frequently repeated doses 
JIoBhv Lj ) Lufyus Ktil' 7 anS”“Tho results m 

some deep seated casts treated by radium arc good Very short exposures 
nro employed and great care is necessary Tinscn light, however, i 
midoubtcdly best for the routine treat 
nicnt of lupus vulgaris 

ZrtiptM Irythematosus --Tho results 

of radiations arc v mable but occasiou 
ally may be satisfactory, particularly 
in obstinate cases 

Lichen JVanus— Patches of this 
condition iiauilly vieltl to radiations in 
ono or two treatments and there may 
be no recurrence 

Rmritu? — ‘^hort unscreened ex 
posurcs may produce marked relic o 
Itching Iho results arc particularly 
good, according to Pinch, if the con i 
tion 18 associated with definite esion 
such as leukoplakia or hy 
but not so hopeful if the condition » a 
neurosis . tj 

ingwneurolic Edema , — Cases of this condition arc reported in w 
considerable benefit and even euro resulted from tho use of radia ion 
JVert and Inywmata , — ^Tlio value of radiations lU the trea m 
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nevi 13 variable Treatment mn&t nsuallv be prolonged for months in the 
niDst careful manner In superhcul nen more can be expected if blanch 
mg of the tissue is accomplished bv 
gentle pressure The fleshy cavemoiia 
ncvi in many instances do well under 
radiation, although, if pulsating the 
results ate more successful if tlie blood 
Tessel 18 previouslj ligated In many 
c.ises the treatment must be extended | 
orcr a long period 

VisceZlaneous Di’sfaies of ^kin — 

Favorable results of radiation have alao 
beta reported m the following condi 
lions 8JC081S favus hvpertnvhosi» ' 
alopecia areata, tinea tonsurans bvperi 

Jrais seborrhea aene roaicej comeJo , _u„ , m„vs.s or ricni 
psoriasis and chronic eczema tneeK n ( irl Aoed 13 (TsVen 

Brain— There is undouhudlv a trom Rad um Therapy by Frink 
limited field for the use of radium id ^ Co 

vonjunction with surgorj in the treat ^ 

Rient of elected cases of brain tumor In a senes of twenty four cises 
of brain tumor thus treated Frazier reports throe in which clinical evidence 
offers indisputable proof that radium 
cmamtions arrested the growth of the 
tumors and in all probabilitv deslroyed 
them The cases cited hate rcmimed 
well for SIX seven and eight vears 
resjiectirelv 

Diseases of the Eye —Carcinoma of 
ihe eyelid— Ctrcinoma of the lid even 
Ihe epidermoid variety usualK risponds ' 
in a remarkable manner to radiations 
and bociH e of the possibilitv of exact 
apposition of radium it is preferable ^ 
to any other form of treatment The 
result of radium therapy is usunllv 
curative and the unsightly deformitv j 
and si-condarj conjumtiv itis and its 
IKissible sequela, are avoided The Fro 13— Pattest i 
lid remains flexible and smooth and rvwuu TBEtTME.xr (From Simp 
there IS practically no lo s of tissue • " ' Jlo Co ) 

except at the exact site of the growth The co«metie iffect is good 

Opaa(ie8 of the Comta arid Lens — Improvement Ins been reported 
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in cases of opacity of the cornea and Itns Irat more experience is necessarj 
before dctinite conclusions can be drann 

Diseases of Mouth Nose Throat and Ear — Tuberculosis and neu 
grouihs m the. mouth, no'ie and throat are ustiallv resistant to ladnim 
tberap\ In eertiin instances sarcoma even if of largo size ms\ dis 
appear but reairrente is usual If optrible such ca«es should receive 
surgical treatment OccaMonall> neu grov ths of the ionsils maj rt spond 
quickly to radium thcrapj even when the gland's of the neck are imohed 
Such growths hive usually recurred Ihe results arc better if the tubes 
or needles of radium arc inserted directly into the growth In tuber 
cidosts and carcinoma, of tho larynx ridium therapy may give relief but 
the benefit is only temporarv The exact apposition of railium as well 
as the sifcty of the patient, is lust secured by prdiminirv trachcotomv 
In certain instances in which the i,rowth is small and locihzed particularlv 
in tho case of papillomala goad results have been obtained by the usf 
of ndiiiin In carcinoma of the esophagus radium ipplieation may cau«o 
temporary improvement 

LeuXoplalia of tho buccal miuous membrane reacts variably to ra 
dium In some ca«c8 a lesum quicklv di«ippears but it is apt to recur 
In other instances it is refnetorv to radiation Leukoplaku is often 
followed bv carcinoma pirticularlv whew the origin appears to be 
svpliilitie 

la carcinoma of the tongue the results of ndmm tborapv are not 
usually good and the treatment m »v be ittendcd bv idded suffering In 
eertiin instance* however the burvmg of strong tubes of radium in the 
growths of the tongue has given mon favorible result In one instance, 
a circumscribed giowtli of Iwrdcrhne malignanev with deep papilhrv 
projections in a woman considerablv past middle age a tuhe of radium 
"as buried in the growth The latter complrfelv di appeared and there 
was no recurrence In another cast of proved carcinoma of the. tongue, 
after lucomplefe local excision the rtaidue vv is trcited by radium and there 
his been no recurrence for even vear* 

In the najiopharynx luid in the accessory sinutes iii exceptional casra 
remarkable results may bo secured in inoperable or recurrent *arcomi 
In carcinoma, however, in the t regions results have not been satisfactorv 
In the majority of cases epithelial growths on tho lip are regarded as 
strictly surgical and this i« donbtle«s3 the safer procedure The dcr 
matologist however recognizes two types of epithelial lesion of the lip 
the eiri.umscnl>ed superficial type with sludif ®r nurkwl ker ito os nadilv 
responds to ndium The deeper tv pc even in the very earlv stigi*, should 
be treated by radical excision 

Carcinoma or keratosis of the ear if involving the cartila^t inav 
prove very resistant to radium treatment and niav al»o l>c verv painful 
■Ihe results are variable depending upon the size and extent of the growth 
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been radiated Unless the dosage is well understood, however, the danger 
of treating such cases must be borne in mind and this is particularly im 
portant when such good results are obtained hr surgical methods 

Thymus — Eminently aatisfacton results have been reported in the 
treatment of enlarged thjmus glands in infants The same results may 
be obtained with the i. rays but radium has certain advantages It is 
portable, the desired effect is produced 
in one treatment, it is simple thus 
eliminating the element of fright 
which 13 usuallj present when infants 
are held in a ri^id position for V ray 
treatment This hxation may be the 
cause ot tbvmie crisis and deith 
iinallj, radium application is a safe 
procedure as tlio skin tube distance 
never varies even in the case of the 
most refractory child 

Pathological Conditions of Chest 
~Individual cases have been cited 
and apparently corroborated bv radio- 
graphs m which radiation has caused 
tho disappearance of thoracic tuinors 
especiail} m the csso of lympho- 
sarcoma Hodgkin s disease involving 
the bronchial glands and lungs has not 
in our experience shown any per- 
manent improvement on radiation In 
carcinoma of Ihe esopJuiguy it is dif 
ficult to secure "icairate appo«ition of 
radio active substances but in the 
majority of cases there is marked 
tomi»rary improvement Patients 
who are almost in extremis from 
stirvation may gain thirty to forty 
pounds This is probably due to the repeated dilatation of the esophagus 
and to the anesthetic effect of the therapy Pecurrcnces howcvir an. 
usual It 13 possible that application by instruments allowing direct 
observation may improve results psiticiilarJy in early cases 

Diseases of Breast — The most important discisc of the breast which 
IS subjected to radium therapy is the recurrenf carcinoma It is tho 
general opinion that all operable malignant and benign tumors of tho 
breast should be operated upon Therefore recurrent or inoperable 
growths form a large part of tho e treated bv radium therapy Tho 
minority comprise a few permns who either absolutely refu e operation 



ItAOIOlf TSEATStEXT PI OtO-WApl 
t k<Q in D e mlcr nia I at r 
rwurrences tx.k place in throat 
aaillr ngu al reg) na and Udu- 
ittm which 1 idled for a time to 
further t catment T1 e | ti nl 1 I 
about a r^sr of comfort aa U e 
reault of the treatm nt ( From 
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In tiibercvlo^is of the ear improvement is usual altliougli the condition 
IS obstinate It has been cHinied that small doses of radium have cau^d 
marked improvement in cases of that the beanng and alvi 

such '3_)inptom3 as tinnitus have improved Other than the impro^ment 
that maj follow from the cncotiraguneul that something is being done, 'ko 
have i>ecn no such fnvorahlo results 

Pathological Conditions of Glands— In hjmpKoma and llodghns 
disease the involved glands may be reduced m size bj radiation and in cer 
taio instances the disease seems to 
bare been restrained Cures are very 
doubtful mid rccuntnee is usual 
Kelly and Burnani, however, report 
C5 per cent of twenty five casps ol 
lymphosarcoma treated by radium as 
opparcntly cured and believe that la 
this disease radium should be \M, 
even in the early stages, in preference 
to surgery In metastatic careinoma 
of the cervical glands, tlie swelling 
may he reduced m size, painfu 
pressure m»y bo relieved and <>« 
tissues hccomo dense Indeed, i 
often appears as if in certain 
the progress of the disease was checkca 
bv such radiation, but owing to tne 
great variability m the natural wurc 
of the primaiy disease this « donbttu 
„ In certain instances large P^mar 
FIG 18-Ltmihosabcoma of Nbck secondary malignant gtow-ths dis- 

Photograph faV.en July lUIO Note Jj action of radiations 

scar of previous operation {From appear Unde General 

Simpoon c \ vtosby Cot aod at the same time tiie fee 

health of the patient rapidly fadMnU 
death may ensue A case of enormous hemoljmphangioma of 
and subclaviciilar region in an infant three months of age is r 
Dominici, Cheron, and Barbarm to have completely re rogres 
weeks after the introduction for twenty four hours « ^ Inlohate of 
jnillimeter in thickno«s containing 50 milligrams oi pwi 

In certain instances benign tumors of the tlyioid or 
retrogressed to a v aiy mg degree by the action Temporarv 

of the thyroid is only in rare instances favorably goiter 

relief of distreaaing symptoms may occur In cases of e p 
Speovlly vvh.n the ,h,n.»s „ re.olvrf, great ■ ha. 

after radiation In certain instances the region of the t ym 
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wlncli \erj frequent a«pirdto« tpi? neceasaij, iras {rtateJ personallv b% 
radium applications to tho alxlomco and thi. ascitca recurred less and less 
frequently 

It 15 probible that surgers combined witb cartful application of ndia 
tion would prcatlj improie tlic present results lu alxlominal di-easc 
Pelvic Diseases — / ec^Hwi — In « mincmi ot tin rutnm pirticularlv 
adenocarcinoma ju«t aboie the sphincter Bimnm reports (hat some cases 
aro definitely curjhk and that n» <*tl«r tlicrt js narXtd improrement 
under ndinm tnatment deep cmimmiatous uUtrs of the rectum an not 
improied, akliou|:li poUpi l»l^ do ntll Cirtam of the squamous-cell 
carcinomati about the anus ire mndi unprotid bi radiation and others 
are less EO Proliimnarx coioatoini isudiKiblt 

dodder — Clirnnic ulcers ol thi Widdirinat be impwicd by xadn 
tion, and also pipillomata dlthonp,U m (ht latter fiiijpuation is probabh 
prcfirablc The papillart tvfi oj circinoinn is mon. faioraWe than ILl 
squamous-ccll \ancti In applving ridmin it is better to optu the bladder 
and thus tmVe more exact npplu at loii ft r tlu requisite tune 

I rosfafe — It U reported ib it bipertrophc of tin prostate is improted 
m certain nistanecs ^unKton3 ta ** bi\c been roportei! In our ex 
pcneiice carcinoma of the pm t lU b i« not Kon cured J arger doses and 
Utter mctliods mil doitbilcs eenre i»*ro farirablc lesults Bitgboc 
elums better results from cxjiosuri of the prvMati suprapubitalli de- 
struction of the caiiccr b\ r idmm mcdlis iiitrodiKi d througli the pruitaU 
from abotc do o to and p-ualUl «itl> the urethra and from needles 
introduced into the prost ite th^>lvU ttic jh rinciim ind lute surface ridiuin 
appliL itions acuirateli mule nliilc drainigc is mimtaincd Application 
to tho proifnte through tbi niliun i si'll ndii al)c Jho term cim 
should not ho used in these ci (s 

Tfslicle — Embryomata of tlu particularli the cellular so- 

cdlcd roiind-cill sarioma lui' luhl ti radiitiou ^^cn when the ngioml 
t,huds art involvid non hn\i undir ob^nation in apparcnth per- 
/<tt hcaltli a lonnt! adult m nhnn ihire is no igii of nKiimncc e\en 
though tho inguuul gliiids wen imoUcd when the lesticle was rimoied 
, and ■tadiation sfjTted two m its a_o 


A grt at deal his Ixen wnitiii parti«ilarl\ within tho li t fiw itars 
concirnin^ tin value of radium tn itmciit m pinecnlo^Q. Indeed the 
suhj^t has been tiVtu up by «*>nu of the firenio t gyiiceobgists m this 


countn and inort i jx-tiaJh tn hnropi \lw«t fen leirs ago ol 

jthe luropeaii gsnccologi^ts msdi atmndmg statements regardnij, the 
lx netienLelTects of raditini m eaiwxr of tbc utems but some of the«e 
^'0 ^ irjandt. the mot disp tracing nmsrks eonccmin^ its u«c 
uibtcdh has a largi fn Id of u (.fiilm s m neeol igj 


‘ihtaincil dtpind in a Itigi imnsiire upon the in 
and the aeniraev of tbc applmti ii to the lesion 



RADIUir TIIERAPT 


or whobC geiicril condition will not pennit an operation and those who 
aro treated postoperotn ely m propli^Iaxis of recurrence In the last doss 
of patients it is difficult to estimate tlie \alne of such treatment until a 
\cr\ hrge iiumlicr of cases lias been cirefull_j followed out and com 
paritnc scries aiinhzcd In certain instances recurrent superficial slm 
nodules disappear completely There is little doubt that the smaller 
and more ccllulir growths rtspond quickly to radiation, but at the pres 
cut tune proper siirgtn should bo tlie treatment of cboice m all optr 
able tumors of the breast It is probable that radiation h\ the deep 
method for aer; Ion„ periods of tune may delay the progress of the 
disease oieii when cure cinnot be expected The great variability m 
the natural history ot the disease, bowoaer, renders tins somewhat doubt 
fill When the disease is widespread with mediastinal, pleural, or pul 
inoiiara imohemcnt, or there is general camnonntosis, littlo can be ex 


pt'ctcd from radiation 

Abdominal Conditions —Cert un abdominal tumors Itcome smaller 
and mi' disuppoir on <kop and intense ladiation In this cla«s are hirfe 
rctroncritoneal sircouiata, hmpliomafa and ca«cs of splenomegaly asea 
) are reported in which sarcomata and hypemephroroata have di^ppearecL 
of the e.ses are rcport«l b> vorv few, so that it is difficult k 
of liV tho degwo and duration of the ohnidl .mproieincnt In canw 
pro SA’ fca«trSt.tcno aiatrn. tlore ts l.ttlo eyjonco tI-«‘ ‘ 
Srero l^of nny laluo In the ntajot.t, of such cases treated perMaall 

to ^ ’^vJulo to e> considcriMo distances for treatment in ord r 

,f„' " rxlief, iisuilll ooK a fen Jai. or ouisionalW 

‘'"cition^, j, „ of course, i|inle prohlhlo that a cirtamde 

mo of rei.ef molicuant dtscasc nas duo to the eneoura? 

"e lart that sometlunB ,ra, if' „oc done 

re uh” “T ’‘'“""emoma Pre^t the uterus n.th transplantation of the 
re vth m the fat of tho nh,7„ ^ si nail the large and inopcrahle mass 

(i ‘'"“I’l’^eed under mtousivc radiation bs tadiiun 

ft'c the first senrs the rju rco much smaller and the second 

ries tvas p,en f ,ad of allowing tho usual four to 

' "eels tutcnal, at the entrelu^r^fh«™«>ie»t “A t 

"as earefnll, eunla.ueuT of the p,""™ , 1,0 bI,,„ ivouW prob- 

H result The if, ter oecutS™d‘''“‘ '''^tiio™" '’“A 

hums healed Home or ilf “* “ ^ had not reeiirped too tcin 

f the patient’s general L IT”' V the t>Ient This case is an er 
tion and not the rule 'A.on „ . , 

Certain cases of .scite, f„ . , \ orabPe”" 

toileted, but the var.ab.1,,^ of “V 

•e doubtful <^ases JiatlL-,,* 


t case of stphihs of the ]„ 


to", "Oft eTtremel* 


" T marled ascites for 
a 0 -^ 
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Trliali ^erj frequent aspintion neces arj, was treated personally by 
radium applications to the abJointu and the as<,ite> recurred less and less 
frcqucntlj 

It IS probable that surgery combined with careful application of radia 
tion would greatlj improye the present results m abdominal disease 

Pelvic Diseases — } eclttnt — In r iniufma of the reetiim parfiailarly 
adenocarcinoma just abo\e (hi sphincter Buniam reports that some cases 
are definitely curable and tbit in other*, there is ni irked improyoment 
under ridium treatment, deep caremomitous ulcers of the rectum arc not 
improied, although polypi imy do well Ctrtaiii of the sqnamous-cell 
eareinomati about tlio anus are much improied b\ radiation and others 
are less so Preliminarv colostrmy is idiisihlc 

Bladder — Chronic ulcers oi the blidJir mu be improred by radia 
tion and also papillomata although in the latter ful^ration is probably 
preferable The pipillan type ot cartiiioina is more fnorahle than the 
squamous cell variety In apph ing ridiuni it is better to open the bladder 
and thus make more evnet ipplicition for the requisite time 

Prostate — It Is reported tint hypertrophy of the prostate is improved 
in certain instances Numerous cases liave been reported In our ev 
pcrience carcinoma of the prostate has not been cured Larger doses and 
better methods avill doubtle s secure more favorable results BUpbee 
claims better results from exposure jf the prostate suprapubicalh de* 
struction of the cancer by ridium lui dliN introduced thruiigb the prostate 
from above close to and paralhl with the urethra and from needles 
introduced into tlie prost lU through the peiincum and late surface ndiiim 
applications accurately made while dramas^ is maintained Application 
to tlio prostate through the rcetmii is als> adatsablc Tlio term cure 
should not bo u td m these ci is 

lesltde — Lrabryomata af tho testicle partieularh the cellular so 
called rouiid-fcll ircorm may Mild to radiation even when the regional 
jjlatids arc invohcd ii >w Iiave under oWrvjtion in apparently per- 
fect health a voung adult in yyhim there is no sign of reuirreiice even 
though (lie inguinal glands were inyohed when the tc tide y\ is removed 
and radiation started two vcirs ago 

A great deal his brtii written particularly within the last few years 
conceniiii^ the ynlue of radium treatment in gynecology Indeed, the 
subject Ins been taken up Irv some of the foremast gyneeologiats in this 
country and more rspciiany in hurope \liout ton years ago «ome of 
tlio Etiropcaii gyncivfogi ts made a fiaundiiu, bfatemenls regarding the 
beneficial eflcets of radium in cincer of the uterus but «i me of lhc«e 
same nun later midi tlie most disparaging remarks concerning its u«c 
Ivadinm therapy undoubteilly has i largi field of u cfulno'S in gynecology 
The yaluahlc results obtained depend in a lirgi ineasnn ui>oii tin in 
tensity of tlio radiation and the aecuncj of tlio appluatnn to the lesion 
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to bo tro'itci} The resistance of Ibo puliolopcnl tissue, the liiigth of (s 
posurcs nrul tlic iiitcirals bKireen them is tlcfonuintd b^ tho clinical judg- 
ment of tho operator 

T uha — ilo t of tlic patients with eircinoinn of the Milva hue jw't 
opentno rcctirrciiccs and the ninjonU Inee metasfase^ In such ca os 
radium therapj has proied of IitfJe ^nluc, except in clcaiisin" the Iwal 
condition and in rtlicMog hemorrhage Pruritus and louhoplahia luiv 
hi grcitlj rtlimcd 

1 agin/i — riic fiiiigatiu? t\po of ennetr of tho vagina inn\ aicld quite 
roadih to ndiatioii In the indiintod tajK* results art not gxd and 
sufficient radiation is apt to cause a formation of fistiilr llie\ nre aW 
ipt to oeeiir m tho natural course of the discieo uhcthir pninan or '-t'c- 
ondary One on o s\n3 treatid personalK with itidium in which an m 
%asiro ludurittd recurrent carciiionn disappeared and the lirg;i n :co- 
\agiiinl fistula resulting was sueeossfull^ closed h^ a gsiiecoloirKt and 
remained healed 

I/!ukortliea mas lx? rcliexed h> radiation although tho po'sioihtr of 
«C ftssi tcmjxjrnr^ «uicnorrhe-i JioiiM bo remembered I’ol'pi of ttie 
lagina are usunll; cured h^ radium ihoraps 

Tfcriw— In carcnioina of the bods such cxeillcnt re««lts are ohfainw 
bj proper surgical measures that onl% for ixcoptiniinl nious shoiiW 
radium thenpy bo cuiplosed, except in inofxrnhle ci«is Of esse* of 
carcinomi of tho cervix howeser, oiih n 'er\ Muall ptnentniTC' Modw 
tuicth opcMble when first seen h\ a competent pliNsician, it is w f 
group of eases, therefore, that radium thempi finds its grritc t usei'dr'* ^ 

Although much has been xvritten coiioormng radium therapN in 
of tho utcnis, not a sufficient immhcr of cases haio Vx-eii studied an 
carcfulh followed up to reconmwnd anj trcatincnt except an ojv.ratioiii 
m cases which arc operable, nnli «9 tho general condition of the piticn 
contra indicates or tho famil) aro uiiwiUing to con mt to an oiurntion 
In addition to these inoperable ei'^es radium thcnlp^ is u«cd in jx’® 
opcratiio recum-iiccs and after opiritioii in prophilaxis of 
In the inoperable and recurrent ca es of circuioina of the ccriix the 
are m a largo measure pilliatiic Ouo unfamiliar with the eoiir-o o 
^JI^taso as modified bj radium treatment would bo inchned to tiun , a ^ 
a few series of treatments, that tho condition was cured . 

‘healed,’' applied In «onio ohserxirs, wc Uluie is inisleidmg •• 
reason that under the first few aents of radium tmitiuents 
carcmoniata of the con ix in n disnpjicar, and the ulei ration lu 1 1 < w 
mg indurated tjpo ninv become leas and Ic'S and iuinlli ajiparen 
and tho induration about It max bomnrhodli Ic seiicd 
might bo called healed and lead to tlic natural supposition tin 
was cured This, Lowcier, is not nsiualh tlio case Sooner 
di«ca'ic extends, even if it docs not recur Jocilh, and uio pi ‘ 
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emails to it Certain eases liowe\er, distinctl} inoperable at the out 
set eien with fixation of the uterus and metastascs m the vaginal 'nail 
inai, after the primary improvement and local healing be successfully 
operated upon Thus distinctly inoperable cases may exceptionally be 
converted into operable ones Sometimes growths which respond promptly 
to the first senes of radiation later become resistant to all radiation treat 
ment. In certain instances it is desirable to combine local \aginal treat 
ment with applications of radtnm to the abdominal wall and back, in 
order to increase tbo cross fire effect At least temporary relief from 
bemorrbage, di«cliaigo, and pain and healing of ulceration are common 
in carcinomata of the iitenis treated by radiations Some cases mav 
remain well for months or eien years 

After rarliation, a small number of cases of carcinoma of the uterus 
develop so-called toxic symptoms which include headache vomiting pros 
tration, and rise in temperature Tlicrc mav also be such local symptoms 
as pain in the back and legs tenesmus or fre<iuencv of micturition These 
symptoms disappear in v few divs 

Schauta, in bis senes of ti cs in 1913, used mteaso radiation and 
many of the patients developed extensive local necrosis The tendenev 
of tho majonty of those using ridiuro st the prcBcnt time is to use n 
dose of about 100 milligrams of radium cUrovnt 2 millimeters of lead or 
1 to 11/ millimeters of brass, or its cqiuvaknt in silver or platinum for 
filtration and a duration of exposure of twelve hours everv few davs 
for five to eight treatments At intervals of six weeks the senes is re 
pcated Such cases rarely develop fastule or extensive necrosis and there 
IS at least temporary local and general improvement Ivelly and Burnam 
have reported that of 109 inoperable cav« treated ^»3 were clinically 
cured 103 markedly improved and 37 not improved Schmitz u ed 50 
milligrams of radium in cases of csrcinoiua of the uterus for ten to 
twelve and occasionallv twenty fonr hour* and rtpesUd this after from 
seventy two to ninety-six hours Aftvr having given a dosage of from 
3 000 to 4,000 milligram hours be gave tbo treatment weekly, until he 
had given a total dosage of from ^ 000 to 10 000 milligram hours Bumm 
found that all cancer cells were destroved within a distance of 4 centi 
meters but that they were viible bevond tins Cheron and Rubens Duval 
made a postmortem exnminition of a patient dviiig of an intercurrent 
disease fifteen months after the clinical cure of carvimma of the uterus 
by radium In a complete postmortem and canful serial histological ex 
ntnination they vvero uuabk to find taiicir cells 

Thoscirrhous, invertin„ tvpeof carcinoma of the uterus ocins usujllv 
less improved than the more fungous everting tvpc which tends to in 
Volvo the vicinal walls During and between tnatment it is important 
that the local condition be kept as clean as po sible bv a mild clean ing 
solution of bone acid bicarbonate of soda or pota siuui permanganate 
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A fc^\ C 1 SCS of clioi locpitluhomi li x\e lKH.n rc pni-lcd treated ridia 
tion Tlicso cases, m most instincc‘«, inctaetasirc to fho lungs eariv 
Owing to the few ca cs of sarcoma of tlic uterus treated no conclusions can 
be drawn 


Of the hent^n lumori, of thi uterus fibromata and fibromjomata have 
been e\teiisnel\ treated in this comitij and abroad AltlioUoli there u 
much skepticism regarding the results, a largo number of cases lia\e now 
been reported in whicli the size of the growths has diminished or tlicj 
liaao entirely disappeared It is admitted that certain small percentages 
seem to be uninfluenced In the majority of cases, however, not onl) 
does the tumor diminish in si/p but tlie symptoms of meiiorrhama or 
inetrorrliagia cease Iloth intiayagiual and surface applications are 
made Amenorrhea is ciuseil in the majority of cases Some of the 
foreign climes report SO per cuil of cures in cases of myomata treated 
b\ radium Kelly has u&od 30 to 724 milligrams of radium inserted 
into the uterus and has, an «omo ci cs pvtn an idditional iaa«3ire 
treatment through the abdoanaual walls The treatment requires confine- 
ment of the patient to the bed for not over one or taro dajs 

Menorrhagia and ^[elrorrhagla — Tll 0 ^c tojiditioiis, unas'iociatcd antb 
tho presence of tumor, diac to aarious najopatliies or neuropathies or ti 
disturbed ovarian function are, in the large niajontj of ca«is, 'cra gnatlv 
benefited or cured Burnam uses 300 miHigrams of radium applied 
within the uterus for three hours lliis usanlK causes complete amcnor 
rhea In young women the duration of appUeation is shortened, 600 milh 
gram hours or les^, and ui such instances nicustru atioia may return 
L J Staev reports the remits of radiaim treatment m COO cases o 
menorrhagia and concludes that, while surgiry is still the metho o 
choice for young women yaho haac defimte fibroids causing nicnorr 
and those with a suspected carcinoma of tho fundus, Roentgen rajs an 
radium are successful therapeutic agaiats ip carcfullj selected cases an 
in women oaer thirtj fi>e In the treatment of menorrhagia in paticn * 
more than thirty fiye years old, yylio liaao i fibrous uterus or a sroa 
myoma, and in joungcr patients in yahom myomectomy or 
13 not indicatctl or in yaliom curettage has not controlled the cc lUc 
radium is a yerj satisfactory thtrapcutic aotiit . 

Radium is contra indicated m pchic inflimmatorj di ca'ie or w i 
there is a history of pelvic piin, since a quiescent infection maj 


A sm ill dosc 13 gneii women under thirty five m order to 
bleeding but not to cause cessation of mentis It is better to j 

treatment a second time titan to cause the mcnatni il flow *lUoTim 

by too large on initial dost Tl»t average dose used was ^ „ for 

hours for patients under thirtj five and about 700 milligram o 


older yyomen 
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Ariifctal Menopause — Radinm nia\ Ik* n o<l siicci.««fijlh in cases 
where ltInl^ si era desirable to produce an artifitial inennpau e V roiitmo 
curettage with histologicil exnmimtion of the curetting^ to exclude utw 
growth should precede the application of ndium in most cases of uterine 
bleeding eicu m \oung women 


SbMir ep\ 

Ridmm Ins been proved to Ik. a phiaicil agent of unique character 
It Ins been shown to have a distniitiie wtion up m cert nn kind of tumor 
cells However, the cherished h >p< s ind the fantastic cl liras that it would 
cure malignant disease and ultiinateU repliei surgcie hue not Ixen 
realized In speaking ol euros b\ radium we must be eerv guarded and 
must consider thi tape of growth with which wc art deilmg Definite and 
permanent cures of superticnl eanc«r of the skill of the basal cellid t'pi 
am obtained 111 the majnnti ofeo esproperh treated bv radium Ivapulh 
growing cellular tapes of milismaiit di ci e often how astounding trm 
porar} regressiou for vamii^ perixls Molignint tumors which iro Ic s 
celhilir and tho o which nieti tanzc cirle fnl a*, a rulf to respond «o 
well eten tcmporanlv Tin re in howeacr exceptions to this rule 
"Marked clinical iinproaenunt with dnippeiranoe of ill visible or palpable 
signs of tho disease dois not iieeesairilv me m a perminent cure Care- 
ful Instologual studv of these nppirentU normal tissues will show in 
till* vast majority of ea»os that not all the tumor cells haie been destroMd 
but that siattercd gioups lie eiinie hed in fibrous ti sue ind surrounded 
peril ips, by Innphocatcs — a birrier h\ no meins imprnious to subsequent 
growth and rootastaais W itli < oinph te clmiciil cure of the pnimr\ tumor 
there may still exist oxten ne nr.ional or remote maohemeiit A eiin. 
cau bo obtained onh when the 1 ist siiult abnormal cell h is In en elcstroaeal 
Up to the pre ent time tins has Ixan impossible in the greit majonta 
of cases 

Ilio palliatne effect of ndium in rclieiiiig heniorrbage, pam, dis 
charge foul odor and m pn»lon_iiig life temponnh in mana instaiiecs 
IS undisputed 

riicre 18 an occasional ca o >f proved malignant di eise wli re tbe 
patient remains cureel far ten to fifteen aeirs and perhaps permaiiciitK 
Ilie undue prominence f,i>cn ti thcM. eases which an. exceptions nther 
than tin rule has gi\en rise t> the cxtnordiiiarv anl fincifnl claims 
which ha\i Ki n imdi las me for the eurUive power of radium 

Radium as x me'ilioiinl agent taken intcmalla Ins perhaps s<amc value 
but ns yet there is not iiffi lent canfnlh coUectiil dita ta ubsfantiato 
the claims made for it 

It IS hoped that m the future the aesuraea of the dingno is of all ca es 
treated ha redmin maa be einfnlla eeirrolwmte d In In t<)li_ie examini 
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A fc« c'liCi, of clioiio-cpitJipJifimi Into Jxxn rcpoifnj (rcifrtl bywifia 
tion Tlieso C'lsc’, in mo*:t insHnccs, mptn'stisizc to tbo lungs earlv 
Owing to the few ci^os of s^rcomi of the uterus treated no conclusions can 
be drawn 


Of tbe bemfjii turners of the uterus fibromata niul fibromaojnata haie 
been cxtensiath trcitid in this countr> and abroad Altbougb there is 
innch skeptici'sm regarding the results a large number of cases ba\c im 
been rcjwrted in uhieh the size of the groufhs has diminished or tier 
haac entirch disippt ircd It is admitted that certain small pcrccnfa'ois 
cem to be uniuflneiiced In the majority of cases, however, not oalj 
docs the tumor diminish m size Imt the &\niptoms of mcnorrlnos er 
uictroirhagn cca'io Poth intraeagiiial and surface applicitions are 
imde Ainoiiorriici is eaiiscil iii the majorita of cases Some of the 
foreign climes report bO per cent of cures in cises of mvoiuati treited 
In ndnun Kelli lias used 30 to 7J4 niilligruns of rnliitm ln^crt0l3 
into the uterus vnd has m some ci os, giacn an idditioiiil missive 
treitnient through the abilomuni wills, The treatment requires coiifiuC’ 
went of the patient to the bed for not over one or two da}s 

Vevorrhaffia and Vetrorrftagia — Tlit t ooiiditions, uinssociitod uJtli 
the prc'cnco of tumor, due to aarious m^opallncs or neuropathies or to 
disturbed ovarian function are, in the large nnjontv of caae« vorv griili' 
benefited or cured Bum am uses 100 milligrams of ndium ippluu 
witliiu the uterus for three liours Tins usiialK can os coiuplcti amenor 
rhea In jouiig women the durilmn of application is «hortoiicd, 500 niilh 
gram hours or Icsa, and in such lustanccs mciHtniation maj return 
L J Staev reports the results of radium frcitmont in 000 eases o 
menorrhagia and coiieluchs that, while snrgirv is still the nicthoa o 
choice for voung women who have defimte fibroids caiisuio mcuorrhagii 
and tbo c with a suspected carcinoma of the fundus Kocntgcii ravs am 
radium arc successful therapeutic OfCnts m carefully «clcctcd eases an 
in women over thirty five In the treatment of menorrhagia lU 
more than thirt} five vears old, v%ho have a fibrous uterus or a sma 
mvoma, and in jounger patients in whom nuomcctomv or ^ 

IS not indicated or in whom curettage his not controlled tbe cc la- 
radmmisavcrv sati&factorv therapeutic acent 

Radium is contra indicated m pelvic influnmatorv disease or v, 
there IS a hisfon of pclvm pnti, since a quiescent infection ina\ 


lighted vip »„nf!oI 

A small dose is given women under thirtv five m order o 
bleeding but not to ciiisc te sation of inensis It is bettor to ^ 

treatment a second time than to cause the nMiistrual /low — ,m 

b> too ]ar„c an initial dose Iho avenge doM used w is - ® r ^ 

hours for patients under thirty five and about 700 milligram o 


older -wonien 
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Artificial Menopause — Pidnim mn\ l)e used snccessfiilh m cases 
where It maj scemdesinble to produce anartificnl imnopauso A roiitiiii. 
curettage with histological exaimnitioii of tlie eiircttiugs to e'^tlude now 
growth should precede the application of ridmm in most cases of uterine 
bleeding cecn in ^ouuJ5 women 


ScifMArr 

Radium liis leen proacd to be a phasicil agent of unique character 
It h IS been show ii to lui e a destnutiae action upon certain kinds of tnme r 
cells Ibiweitr, the cherished hopi a and Ibe fantastic cliiins thit it w iiild 
cure mdioiiaJit disease and nltimatth replue 8 urgir\ hire not l>ecii 
realized In speaking of enna ba radmm we must be \trv guarded and 
must consider the t^pe of growth with wlmli we art dealing Delinite and 
permanent cures of superficial cancer of the «km of the basal-cilkil tipi 
arc obtained lu the niijorita ofci caproptrh tKitedbv radium Rapidla 
growing cellular tajies of malignant di ease often show n«touiidiiig, tein 
porarj ngrcsaion for virjnig periods Mahgiaant tumors winch irt less 
cellular and tho o winch metastasize carlv fail as a nilt to rcspaiid aa 
well, eaon tcmporarih There arc liowevcr exceptions to this rule 
Marked clinical improaomcnt wiUi di<appcarancc of all iisihle or palpable 
Signs of tho di'>ea 8 o, does not aiccc sitih mean a pernuucut curt Care 
ful histological studr of the o ippaiantlv normal ti sues will show in 
tlieTastiiiajonta of eases tint not all the tumor celK bate bicn dcstroacd 
Imt that scattered groups he ennic bed in tibrous tissue and surmnidid 
perhaps ba Inuphocatcs — a bimtr bv lao means impervious to sub cqueiit 
proavth and metastasis Mith complete clinical cure of the primary tumor 
there inaj still exist (xtnisuc regional or remote inaolvcmcnt A nm 
can be obtained oiih aahen the last single ahnomial coll Ins been dost roved 
Up to the present time this ha* been impossible in the grcit majurite 
of C,1S0S. 

Iho pilliatiao cffict of radmm in relieving bomorrhago piin dis 
charge, foul odor, and in prt>liiij,iii(, life tcmporarih lu manv instances 
IS nndisputcd. 

riicro 18 an occasional <a«e of proved malignant disease wluro the 
patient nmaii s cund for ten to fifteen vears and perhaps pormincnth 
Ihc undue pruiuuiciuc ,.ivoi to those eases which are exceptions ratlur 
than the. rule has given rise to the extriordinarv anl fanciful claims 
wliuh hail Ikcn made bv stimi for the curative power of radium 

I ndium as a nudieinal agent tike ji iiiternalh Ins pi rhaps some value, 
bwi as vet there is not sufiicient earefulh ciHoiled data to snbstinliatc 
the claims made for if 

It IS hoped tint iii the fntim the accitraev of the diagnosis of all ei os 
treated b\ ridiiun mu l>o canfulh corrolionted bv hi frhgii rxamiin 
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tion of tissue removed for this purpose, and that such cases will be fo! 
lowed for end result'*, so tint wo ma^ Ime an e\or mcrea«ing volume 
of accurito 8tati‘*tics upon, which to base our judgment as to the ultimate 
value of radium as a therapeutic agent 

Improvement m tho results ohtnincd may possibly come m the future 
by the more accurate methods of application of radium to tho pathologic 
cells m question, so that fewer escape its destructive action than is at 
present the case Careful study of the unusual eases which are apparent 
cures for long periods may shed Iiglit on the optimum method of applica 
tiou and dosage 



CHAPTER XIV 


XRA\ THERAIl 
Jou"* Remer 

Introductory — The (liseoxei \ of the X ra> marked the beginning of a 
new era m medicine from a therapeutic as weH as a diagnostic standpoint 
The physical properties of those rajs, hv which tbej can penetrate 
matter opaque to light, and their effect on the photographic plate, af 
forded a means of auuolmng conditions within the bodv which previous 
to this time could bo diagnosed onlj by their symptoms and clinical signs 
Their biological action provided a therapeutic agent to combat succe^sfullj 
manv diseases and conditions which bad prcviouslj responded unsatis 
factonlj, if at all to medication and other forms of treatment 

Although numerous other workers had been experimenting along the 
same line, it was Poentgen who in November, 1895, gave the results of 
his discovery to the world It was hut a few months after Roentgen s 
discovers that other experimenters called attention to the biological action 
namelv, that bj exposure to the ray crvthema or dermatitis was produced 
This led to the hvpothosis that in tlie discovery of the X ray an agent of 
therapeutic value had been found Its first \l^e was directed to the treat 
iiient of the more resistant and of the incurable km conditions such as 
lupus epithelioma, and hjpertnchosia 

As IS usuallj the ease when a new thenpeutic agent is given to the 
profession, the X ray was considered a panacea During the nr>xt few 
vears there was scarcely a condition that was not subjected to this form 
of therap) The natural result of this widespread indiscriminate and 
frequently unintelligi.nt use of so dangtrous an agent was that the lit 
erature was soon filled with reports of burns varying in seventy from 
mild vesiculation to a necrosis of even the deeper tissues Then followed 
a period in which the use of the rav in therapeutics was looked upon 
with great disfavor by the profe sion at large only a fiw of the more 
earnest and persevering workers confmuing its u«o As a nsult of the 
painstaking research and espenincntal work of thcsi. few certain basic 
pnnciplcs governing Xrav therapy were established The most impor 
tant of these arc 
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tion of tissue removed for this purpose, and that such cases will be fol 
lowed for end results, so that wo mi> ha\e an ever increasing volume 
of accurate statistics upon which to base our judgment as to the ultimate 
value of radium as a therapeutic agent 

Improvement in the results obtained maj possibly come in the future 
bj the more accurate methods of application of radium to the pathologic 
cells in queitinii, <!o that fewer escape its destructive action than is at 
present the case Careful studj of the unusual cases which are apparent 
cures for long periods maj slicil light ou the optimum method of appha 
tion aud dosage 
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tcnniml, and witlim the tube nn. placed the anode or ‘ target,’ which is 
iisiiallv made of tiiiigstcu and the cathode which is iisiiallv a ciip-shaped 
metal di c so arranged as to focus, the streim of electrons on the center 
of the target Thrrc are in u c to-da\ two tspes of tubes first, those 
depending for the electrons on a small amotiiit of gas left within tliem, 
called gns tubes second tho e whieli suppU electrons from a heated 
wire or hlament placed at the cathede and known as the hot cathode or 
more familiarh, Coolidgc tubes in honor of their im enter, Dr W D 
Coolidge 

Gas Tubes — Gas tiil>ca cnntim i smill amount of air (or other gas) 
from which in its raretod “tite electrons arc reidilv hberited The 
current entering at the cathode directs these electrons against the target 
(at a spred equal to ono-third to one half the vclocitj of light) where 
they arc ahniptlv stopped and at which pomt the Xra>s arc generated 
Continued use dmiini lies the supplv of deitroiis and cau«c» the tube to 
beeomo hanl that is it requires grciter \oItagc to operate Therefore 
a dcraco mu t bo supplied that will permit more gas to be admitted as 
r«iuired To accomplish this a \aUc coManniig certam chcimcBla 
(u uallj mie i or asbestos ) is pi ited in the side of the tube hen a small 
dischargi current is pas cd through this sal'e gas will be liberated into 
the tulic This procedure IS called softening’ The tendency of the gas 
tube to harden makes inipracticubh its use in thcropcutics where a con 
staiit and uniform tubi resist in« t must be m untamed sin< e a change in 
this factor alters the cliaradir and iinount of th< radiation produced and, 
also ana Tariation makes ft impw iblc to estimate accurately the amount 
of radiation generated 

Coolidge Tube — Iht gincral con tnution ot this tulu is simihr to 
th It of tho gas wIk but the air is eabausted to such a point that the great 
cst possible 100111110 IS obtanud In the cathode is placed n coil of tungsten 
wire connected to a low voltage electric eoirent (supplied by a storage 
battery or a step-ilown transformer) \\hcn the circuit is closed the cod 
(or hlament) becomes heated and liberates electrons The hotter the 
hliment tlio ofter the tube Bv means of a current control the tem 
peraturc of the filament can bo regulated at will so that the tube may 
bei maintained at am giv n degroe ot hardness for an indetinite length of 
time It was the advent of this tape of tube that overcame one of tho 
greatest difficulties confronting tho radiothor ipeutist, and since its inven 
tion the progress of radiotlicrapv has been marked 

Transformer — In tho early days of the \riv tho electrical current 
vras supplied hv static maduncs Thesr were soon replaced by various 
tvfps of induction coils, which although more satisfictorv have in more 
recent time's been supplant<<l almost entirely bv the ' intcrrupterkss trans 
former This macliuio consists of s primary winding around a soft 
iron core and an cxtciisnc secondary winding m wliitli the high tension 
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1 That the beam of r'l^ a** genertted b> tlie X nj tube is not liomo'a> 
iicoiis, but IS compo cd of radiant eiicr^> of \nr\in^ a\a\c-!cii5th3. 

2 That dicsc \ar\iiig waae-lpjigths have a different biological action, 
the longer ones having little pcnctntin^ power and being absorbed b> tlie 
shin , while those of shorter length penetrate to the deeper ti->siie« 

3 That on tlio depth of the lesion dtpriids the type of my wbicb is 
most effective 

4 riiat certain buhstancis, such as aluminum, glass, copper or zinc, 
when interposed m the path of the rav, filter out nr Lhmmafo fbo soft 
rays, tint is, those of Jong \y ly e-length Ihis makes possible the utilization 
of the t^po of rn best suited to the cisc under trLatincnt 

5 That the skin will tolerate only a limited amount of radiation 

AVith the establishment of those principlrs, there came a rtaction, 
and tho yaluo of X ray as a thcripcntic igtnt was established 


PHYSICS 

X nj a form of radiant oiieigy yylndi is produced when a streiai of 
rkctroiis, sot in motion m a yaenuni at a high r do of speed, are sndd'nly 
stopped It IS similar to light, and travels with tho same yclocity 

X rays move in all directions from the point of source, until ab-nirticd 
bj matter The capacity of matter for alisorhin^ these ri>s w in direct 
proportion to its atomic wcie,ht The beam of X rays is lictcrogciipw > 
being composed of rivs of yarious yy no-lengths Tho alpha rays arc the 
longest and are spoken of ns "soft rija', the 'hard rays” orthowet 
shortest length, approach very nearly the gamma rajs of ndium X rap 
are invisible, and cm be detected only by their action first on the photo 
graphic plate, second, on certain crystals third on ti'wue (biologica 
action), fourth on the ionization chamber, and fifth, by then place lU 
the spectrum 

111 order to produce X rj\8 it is uccc*»sarj to haye 

1 A \acuiim 

2 A source or supply of free electrons , 

3 A beavj metal ‘target,” placed in the pith of tho strcani o 

electrons . 

4 A means of setting the electrons m motion it a high rate of spe 

Tho first three are found m the Xray tube while the fourth sup- 
plied by some form of electrical dpparatn«i, that known as the ‘ ^ ^^7 
transformer' being the most cflScient 

X ray Tube — The \ rav tube is a glass bulb fi-oin y'hich ‘i” 
nearly all, of the air has been pumped At either end is an electrics 
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thousandth of nti ampere Vn> change in the milliampenge changts 
the quantity of radiation The hijier the miUiamperagc, the less time re- 
ipiired to prodnoc n giicii amount of ria with a giaeii spark gap In 
radiothcrap% two to ae\en mill)ampcrc.s ire nsuiUv employed a greater 
amount causing the tube to heit toi rapidh for practical thenpeiitic pnr 
poses Furthermore, longer irradiation la frcqnentlv adnutageous on ac- 
count of the greater amount of seeondan radiation produced 

Distance — Distance represents tin niimher of inches or centimeters 
from the target of the tube to the neirest surf ice of the bodj This 
factor IS vaneil according to the preference of the operator 

Time — Tins factor is the actual tune that the X rays are being 
directed to the surface under treatment 

Filter- — In order to eliminate tbt soft ra>8, various substances are 
interpos«.d between the skin and the target of the tube The 61ter is placed 
in a slide arranged in the tube-stand for that purpose The substances 
generally imploaed arc glass aliiroinuin bra«s copper and zinc Sole 
leather IS used bv some as arc piper chamois skin and silk but these art 
of questionable value The greater amount of hltration used, tht less 
total radiation reaches the patient but as the soft rays are the moat 
easily eliminated it is possible bv proper filtration to utilize only the 
most penetrating rays thus dohienng a more homogeneous ray 

Another factor Tiluch is of importance m considering the amount of 
radiation delivered to the ksion is the size and number of areas tnated 
Depending acmewhat on the choice of the operator but more on the loca 
tion and iharscter of the le«ion this factor vanes greatly In super 
ficial therapv it is necessary to eaposc an area only sli^htlv larger than the 
lesion itself In deep therapy however it is frequently neces ary to ex 
pose the anterior, posterior and lateral surfaces of the body, in order tj 
deliver to the lesion a sutBeicnt qnantitv of ray without injury to the 
skin Again by exposing small areas and carefvillv «hielding the sur 
rounding skin it is possible without Iiarm to the patient to give much 
laigcr quantities of ray to i given portion of the bodv than if onlv one 
area were used Furthermore, the lirgcr the area exposed the grcati r the 
amount of secondary radiation produced 

No absolute or fixed rule can be governing the conduct or treat 

ment of any particular condition xnd in outlining the treatment of various 
diseases the author is merolv indicating the method found beneficial m 
the treatment of the luajoiity of easts It must be rememlxrcd however 
that every case is an individual one and that the success of the radio- 
therapeutist depends above all on his abihtv to recognize the special re- 
quirements of each patient and his ingtnuitv m meeting them 

To say that accurate diagnosis is of tbt greatest importance and that 
N ray treatment should never be undertaken until it has been established 
may seem an affront to the profession However as results depend largelv 
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or secondary current js induced Tlio current supplied to the primary is 
uainllj 110 or 220 and must be alternating current The current 
obtained from the secondara is from 10,000 to 200,000 volts, and is al«o 
alternating In order to operate the X ray tube direct current is required, 
and a rectifier la placed in the secondary circuit wbicb makes it possible 
to delner the proper typo of current to the tube ^ 

There are certain electrical and physical factors which govern the 
qiialitv and quantita of X rn, and by which the amount of radiation 
applied maa bo estimated In considering the amount of evposure, these 
factors are most important, and it must be home in mind that a chanw 
111 anv one of them alters the character or amount, or both, of the radia 
tion applied The important factors are spark gap (voltage), milh 
amperigi, distance, time, and filter 

Spark Gap (fhe Unit of T ollage) — ^The unit of measurement of 
difference m potential betneen the positive and negative side of an elec- 
trical apparatus is the volt, and is iisualh measured by a aoltmeter Due 
to various mechanical and cicctncil difficulties, it has been, m the pisl, 
ads isaWo to use an approximate method of measuring the high tension 
aoltago instead of a meter Electrical currents ahvaas follow the path 
of least resistance The X nv tub© offers resistance which varies in 
direct proportion to its hardness If a wire or metal rod is so placed that 
It can bo extended from one side of the «ccondnr\ line towird the other, 
a point will bo reached at which the current will encounter less resistance 
by jumping the gap betwten this rod and the other side of the circuit 
than m passing through the tube This space is called the spark gap 
(S G ) and has been tho commonla used method of expressing \olt8ge 
m computing the amount of X ray administered 

A one-ineh gap represents, approximntely, 20,000 volts, and each ad 
ditional inch represents 10,000 volts s»j that a nine-inch spark gap is 
considered equivalent to 100,000 volts In tho latest type of machine 
(the 200,000 volt) there is a tendency to speak in terms of volts rather 
than spark gap Also, in these machines tbo measure of the spark gap is 
between spheres instead of points 

Any change in distance that the current will jump represents a change 
in voltage hence a change in the qualitv of radiation The longer the gap, 
the more penetrating the ray In radiotherapy a six to fourteen inch spar 
gap IS employed 

Ampere — The ampere is the unit of electrical current and rcprCjCnts 
the amount of electricity passing a given jiomt m a certain lengtn o 
time In roentgenology the amount of current used in the second iry line 
IS so small that the measurement is the milliampcre, and represents one- 

Certain types of tubes can be operated on nlten ating current and the 
portable or bedside X ray outfit is thus made possible In treatment however ■ 
tvpe of tube and machine is impraeticmhle 
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Some investi^itors liolievo that minute exposures have a stimulating 
a(tion but the author docs not igixf with this contoutiou believing that 
the action of the ra> is alwaas mlubitora It is tnie, espottallj in ueo 
plasms, that insuthcieut nidiition will frequently be followed bv an 
inerea cd actmti of tbe tumoi but this is probably due to an inhibition 
of the surroundiu iiormil ti siie ind interference with the normal blood 
and hinph suppli to tlu part mstcid of to a stimulation of tbe growth 
Ilie same result w ill bo prudmed b\ toi prolonged ridiation 

The i\ poiisL of tissue to radmtion caries necordiiij, to tbe t\pe of 
cells of Aihich it i» compi cd Ni rmil tells iro more resistant than patho 
logical, and tin nearer thocell ippriiches the embrconic tvpe tbe greater 
and more complete the effect ( ou\iise!\ the more do clj the patholoj,! 
cil ipproailus tho normal the gr« atcr its resistance But this resistance 
IS alwics below that of the uonnil Ewing state? that while normal 
Umphoid tissue la icrv resist int to the action of tbe rac, the simc tepe, 
when p itliologn il, is quite easih distroccd bi it It is due to this fact 
that It 11 pos iblc to use tho A. lav thenpcuticalh, for when the ray 
IS applied to a pathotogicil area uormal ti sue is nccc««anlv exposiol to 
lU action and wire all cqiullc iffuted it would not bo poisillo 
to dcstroi the disrated tis tu without at tlie »nme tune destroving norinil 
structure Obvioush it is the am ct tho skin nearest tho tirgit that 
retciccs tho grcitost amount of radiation hence the limit of ray that can 
be applied must bo no greater than the skm will Kar without serious 
injuri 

The second, and equalh important factor in tissue response is its 
ability to rccoicr from inhibition This recoicry is in inurse proportion 
to thf degree to which it i? affected the tissue most difficult to affect 
rvcoicnng most ripidlv and niwf » unplctch Since the patholo^tcal 
cells recover less rapidh and Kis comphtely tUm the normal it h possible 
to administer i second expisurt as soon ii the normal etnicturei have 
recovered and wliile the pitboloycal arc still inhibited This second 
ridiation still further lubibits the lesion without injurv to the. normal 
tissue ind by repc ited exposures it miy he posaible to destroy the lesion 
completely 

Thus It can lie re idilv understood that case? sf Icctcd for \ ray treat 
ment must be tho o in wliicli then is pathological ti'isue present and this 
path logual tissiu must la simple intkimmaturv chrome infliminatory, 
granuloma or iwopliatic tint it must Ik poosible to destroy the tissue 
without causing serious nijiira te lumial structures In fibrous ksims, 
wlarc only eciuiici.tivc tissin is piiseiit no benefit will be denied 

Vltliou^U ill tis lies will lotuni to their normal aetmtv within a 
definite time after bein subjected to the action of tbe A. rav their re- 
sistance remama lowered for a much longer period Consequentlv if 
treatments are continued for too long a time without suitable intervals of 
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on proper toebnic, and •^iiice tliii? tcclinic virir*’ 'so widely, there is con 
slant danger cither of afrowliiif, no relief or of nctiiallv doing harm, 
iniless a correct dinfpioais js cstnldi'ihod Jins ipplies not onh to super 
ficial thonp\, m uhich a anous lesions init ^ clo'ch n ‘'crable each other 
as to be indistitinfinslnblo to the mitrmicd ol»t^^cr, but to the entin field 
of deep tberipa as a\cll 

In the dcaclopment of the 200,000 volt tecbnic, even effort is being 
made to standardize all factors, and extensive experimental work his been, 
and 13 being conducted b\ radiotbcrapcutists in colhborition with pli}si 
cists and biologists Absorption of A rav bv tissue bis licen cirtfiillj' 
studied, and curves plotted to show the exact amount ibsoibtd b\ each 
siiccossivo centimr ter Investigations art being conducted to cstunite the 
amount of seeondan radiation produced In this work the louizitinn 
chamber is einploved to meisiire the amount of radiation and in enrv 
v\a) efforts are lieuic, made to advance the teelmic along tboroiiphh 
entifie and absolute lines Ilowcvor, the fict jn»»t not be overlooked tint 
medicine in all its braiiebos is an art, and not a science, that biolegiwl 
reaction cannot be accuratclv nionsimd, nor can tlio effect of an agent on 
living, cellular life bo considered tlio same as its effect on inorganic or 
nonliving material So that, vvlnlc tins work i3 ni the right dircetion 
and of inestimable value, the individinlil} of each ease must govern da 
treatment 

111 tho use of the newer method there is considerable vination m 
technic Tiltcrs employed varj from to I niillinietcr of copper plus 
1 millimeter of altimumm The distance ranp,f*3 from 40 to 100 cinti 
meters, and the area of exposure is from 10 to 25 centimeters sfimre 

Bj accurateh locating the tumor, circfuHv mei unng the bodv aiiu 
from the charts of absorption curves cstimntin-, the miinbcr of porta s 
and amount of radiation ncccssan to cich portd, tht growth will reccivu 
the required percentage of an ei^themv dose, and at no point will the t* m 
receive a greater amount thin is compitihlc with safety 


GENERAL CONSIPERATIONS OF X RAY THERAPY 

Before beginning a discussion of the merits and limitations md the 
V inoiis methods of administering X rav for therapeutic purpos<“s, it 
desirable tli it there should be a clear conception of its iction In sped 
vug of the various means of detecting the rav, the biologicil action 3H< 
its effect on living cells was de cnbtd This effect is inhibitorv and 
in degree in direct proportion to tlie amount of radntioii ipphed 
sufficient is administered, complete destruction or necrosis of tho 
follows 



GL^Ll AL COAblDERVnONS OF \RA1 TIIER VPl ^89 

Some inM.'btigators l)ilic\c that mmntc exposures have a stimulating 
action but the author do«?s not ignt 'with this contention, believing tint 
tho action of the ra\ is always inhibitorv It is true especially in neo 
plasms, that insufficient ruhation will frcciucutlj be followed b> an 
imrcasod actlMt^ of the tumoi but this is probably due to nn inhibition 
of the surrounding normil tissue and interference with the normal blood 
and Ivinph snpplv to the part instead of to a stimulation of the growth 
Ihesimi n nit mil ho prodiKid b\ too prolonged radiation 

Tho rt poiise of tissue to radiation vanes accordiiij, to the type of 
cells of which it is composed Norm il cells are more resistant than patho 
logical anil tho ncircr tlie cell ipproicliis the embryonic tvpi the greater 
anl more complete the effect Comersch the more closcH the pathologi 
cal approaches the uormnl the g« iter its rcsistanci But this resistance 
13 alwiys Ulow that of the iionuil EwiOj, stites that while normal 
hmpluid tissuf 13 verv resistant to dn action of tin rav the sime t\pe 
when pilliolopical is quite ossih dtstroved bv it It i? duo to this fict 
tint It is posuble to n c the A lav tlnrapcuticaUv for when tho rav 
IS applied to i patholOp,! il ires nurmil tissue is oect sarilv exposed to 
Its action and were all cells tquulh affected it would not be possible 
to destrov the diseased tissue witbour at the ssme time destroying normal 
structure Obviouslv it is the area of tho skin nearest tho target that 
rocciics tho titoatcst amount of radiation hcncc tht limit of ny that cm 
be. applied inii t be no groitcr than the. skin will bear without senous 
injury 

Tho second ind equallv important factor in tissue response la its 
ability to recover from inhibition This rocovtrv is in inverse proportion 
to tho degree to which it is affected tho tissue most difficult to affect 
ri-eovenug most npidU and West compictelv Since the pathologicil 
cells recover less npidlv and le s eomplitelv than tho nomal it is possible 
to admiinstor a second exposnie as soon as the nonnal stnictures have 
recovered and while the pitholopical are still inhibited Tins second 
radiation still further inhibits the lesion without injurv to tho normal 
tissue and bv repeated cxjwsurea it ma> be p<» siblo to destrov the lesion 
completely 

Thus it can be reidilv understood that cases selected for \ ray treat 
ment must be tbo»e iii whuh then, h patholo.;icil tissue pro ent and this 
pathological tissue must be simple inflammatory clirniiic inflammatorv 
granuloma or uisiphstic that it must be po sible to destroy the tisane 
without caiism^ serious iiijurv to iiimivl structures In tibrius lesion® 
wbtre only coiincctivc ti® tv i® piisint no benefit Vvill be derived 

Utliou^li all tissues will return to their normal ictivitv within a 
definite tunc after bi mg subjected to the action of the X rav their re- 
sistance remains lowered for a much longer period Consequenth if 
treatments are eontmued for too long a time vathout suitable intervals of 
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rest, atrophy of tho skin and suLcntaneous tissue will result, althoUpU at 
no time has there been sufficient radiation administered to cause eien a 
mild er^jthema borne tisanes, most noticeably carcinoma, «eem to aquire 
a tolenncc for X ray In eases of cancer it has frequently been noted 
that, although at first satisfactoiy progress nas made, later the neoplasm 
increased in siae, and the condition of tho patient became steadily uoree, 
c\en though the same or e\on i grciter amount of radiation was admin 
jstcred To this fact is due the present-day effort of therapeutists, espe- 
cialh those using the more rtcent higiipoiver machines, to administer 
the full, so-called, carcinoma or sarcoma lethal dose at a single treatment 


EFFECT OF X RAY THERAPY OK TISSUES 

Skin — As mentioned aborc the effect of the \ rais on the sbn is 
the guide to the amount of radiation that can safely be administered H 
the amount of radiation is increased beiond safe limits there is pro- 
duced (1) eiythema, (2) \e3icul'ition and depihtion, and (S) uiccra 
tion and necrosis Complete and permanent alopecia ma> result, and the 
functions of the gland* ma\ be permanently inliibited This subject mil 
he treated at greater length in a subsequent paragraph 

Circulatory System — Blood — Within lucnt\ four hours after radia 
tJon there is an increase in the white blood count, due catirel' to new 
polymorphonuclear elements The Innphooitcs are decrea ed resulting 
in a leukocvtosis, together with a lymphopenia The increase in the 
polymorphonuclear cells is probibly cau»^ by destruction of thu liTupho- 
cyte*, which calls upon the body for increased phagoc'-tic action This 
condition persists only a short time, perhaps only a few hours, and is 
succeeded by a true leukopeuu This reaction, to a varying degree, 
alwa>s foIlo^Ys the administration of 5 ray, but unle^h the blood fonmng 
organs are radiated, the effect will be very transitory Hence, m order 
to obtain beneficial results in the leukemias, the long bones, the spleen, 
and lymphatic glands must be exposed 

The effect on the red cells is slight, and it is onlt after ica«sne 
administiation that the presence of degenerated, or nucleated, forms is 
noted borne authors consider this effect of great imporfmce si 
tributiDg to it a peculiar cachexia which has been observed after prolouge 
radiation 

The theory has been advanced and some experimental work has en 
done to prove, that X ray causes an increase in the antibodies of the oo 
Clinically it is well demonstrated that results are obtained m parts of e 
body distant irom those radiated In Hodgkin’s disease, frequently on y 
the trunk is radiated, regardless of the position of the glands invove , 
and yet a diminution or disappearance of ail affected glands is obtained* 
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Again, m leukemia blood taken from a patient wbo bid received radia 
tion was injected into a second patient suffering from the same disease, 
but who had not been so treated The white blood count of the latter 
was reduced Mhen this same experiment was tried, using the blood 
of a non radiated patient no such result was obtained It is believed 
b\ «ome workers that tbis antibodj reaction is an important factor m 
carciuomatoua conditions and that the beneficial results are due to it, 
as well as to the destructive action of the ray on the neoplasm The 
coagulation time of the blood is mitenallv shortentd 

After a am massive exposure cspeciallv about the head and neck, 
an edema in the area exposed is freipmitlv ohsened This is vanoush 
accounted for some workers contending thit it is due to vasodilatation 
With consequent venous stasis others holding that a proliftration of the 
liTuphatic endothelium is product d winch causes a Innph stasis The 
latter Mew seems to be the correct one, and is of importance in the pro- 
operative radiation of malignancv 

Eyes — The widesprcid bclict that the eve is especially sensitive to 
the X raj seems to be without clinical foundation Although it is true 
that conjunetmtis superhcial kcratitia intis retiniti* and even optio 
atrophy have been experiment illv produced m small animals it was only 
after radiation had been earned far bcvoiid the amount tolerated by the 
skin In actual practice it his been found that the vision is in no way 
unpaired when tho ejes are unprotected during treatment of lesions about 
the face lupus epithelioma, etc \9 a precautionary measure most 
workers when exposing ksions of the face cover the ejea with a lead 
shield, and while this is probably unnecessary the medicolegal aspect 
must ever be borne in mind and operators will do well to employ all 
possible precautions 

Kidneys — Kornial kidney tissue is not affected by \ rav admini tered 
in therapeutic amounts Nevertheless massn© radiation of the bodv is 
sometimes followed bj clinical and nrmarj evidence of acute nephritis 
This 18 probahlv the result not of tho action on the kidneys but of the 
added strain placed upon them in convequeuce of the sudden lilieration 
into the blojd stream of toxic material from the disintegrated tissues 
which received radiation In kidneys already pathological such a neph 
ntis 13 more apt to occur and to prove more senous 

Nervous System — Nerve tissue is not affected by rational exposures 
Tumors of the brain have been successfully radiated and no endeuce of 
impairment of brain function followed 

Lungs — It has bieu ol>«crved that prolonged radiation over the thorax 
sometimes causes fibrotio changes in the lungs Several cases liave been 
reported m which pleural effusion followed the application of massivo 
exposures with the 200 000 volt technic Otherwise there is apparently 
no effect. Both the effusion and the fibrosis disappear 
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Thyroid and Thymus —'I he effect on the tlivroid Iia"* been recognized, 
and tile X ray used for treatment of toxic lupcrJlnroidism for maD^ 
>ears Jlodcrntc amounts of the raj can<e a lUercasc m tlie functmn, 
ind if sufficient rl^ is adiniiiistcm] m^vdeim ivill risiilt Tins fffut 
IS considered Lj many plnsicians to lx; a contra indication to the use of 
ndiotlierap\ for lesions around the throat and neck Sueli toutciition 
IS not justified b\ the experience of radiothoripeiitists, ulio find tbit to 
influence hypcrfhyroidisiu the raj must he directed to the giaiid it«e!f, 
and tint prolonged series of ndiatioiis for ccrvicil idenitis, and tk 
procedures followed in treating hy pe rtropliicd tonsil , do not can c the 
slightest cndeiieo of diminution of tlijToid secretion 

Larynx — 0 \er radiation of the laniixmas ciusc temporary or pernn 
nent aphonia 

Spleen — Tins organ is c'peeialls scnsitirc By animal expiriuicnta 
fion tt has heen found to shrink rapidh after heing exposed to the rar 
Vt necropsy it n is found to he shrnclcd and discolored, the cellular 
olementa destroyed, and the lymphocytic nuclei disintegrated 

Gastro intestinal Tract — Salnary Glands ~^T\ i>osi\tcs to oieii a suk 
erythema intensity of filtered radiation may ho followed hi dryness of 
the mouth and throat, yyluch persists a diy or t\yo, due to an inhiluti^o 
of the glandular actnitv If sufficient exposures aro giien, pcrmsueiit 
loss of the actiiity of tlie«e glands iwll result 

SiomaiJi —Ci^cs of liyperieidity treated hy Xny hayo lnd 
amount of acid reduced, and their symptoms rulieved While no spccu 
inycstigatiye yyork on tins subject has boon recorded, it seems reisona e 
to suppose that all glntidulnr activity mu ho inhibited by the 
hence, not only the hydrochloric acitl glands, but all others as well, an. 
probibly inhibited . 

Intesline — Jlartin and Kogers, in their investigations, found t" 
massive exposures to Xriy, particiilirly with the 200,000 volt macum, 
directed over the intestines, cvnscd an endothelnl uecro is Ilayiu-. ^ 
tcrminod the quantity of radiation nccossiry to produce an erythema ou 
a dog’s skin, they exposed a loop of the animil ? intestine (laid on tie 
belly wall after laparotomy) to the direct action of the ray Two groups 
of animals were radiated, the first receiving the erythema exposure, a 
second, twice that amount t 

At the end of tiirce weeks the first group of anmnls showed no oJiniea 
evidence of any untoward effect of tlie ray An aiitops' 
this time showed tiiat the exposed loop of intestine was shortened « 
thirds of its length, its lumen narrowed, its. epithelium desquamate an 
all villi ah cut The loop was hyporeinic, tl^mucosi thu-kened, an 
miiscularis v acuolatcd \ i j? * mth 

Animals of the second gronp were clmiealK well on the lour c 
day, but refused food on the sixteenth They then ripidly lost yvti- > 
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and on the ninetfenth dav their condition \»as such that they bid to be 
killed At antopsj the oame condition wis fonnd as obiericd in 
Group 1, but to a more ndranced degree Tbeir conolusioni in part are 

1 The erjlhema dose for i dog’s dtin Tklieu applied directly to the 
intestine produces hyperemia marked cxmtnction m all directions, and 
destruction of the ipithelial lining 

2 The intestinal damage to do^a resulting from direct radiation, 
does not always produce earl^ death 

3 Bloody diarrhea, ulceration perforation and stenosis occurring 
in patients biihjeetcd to deep therap\ for abdominal lesions maj be due 
to direct intestinal injury 

4 Poentgen cachexia is possibh due to the same cause 

These expcnincnts arc of particular value at tlu present time since 
in the attempt to overcome careinonia efforts are being made to deliver 
a depth Joso of 110 per cent of the erjthema exposure 

Reprodnctive Organs — The belief that sterilization mar follow tho 
lea t exposure to Xraj la «o firmly fixed in the minds of many that it 
seems advisable to speak at some length on the subject in order that the 
widespread fear of tho rav, on this account mav be dissipated 

It IS true that both tho testicles and ovaries arc sensitive to the rav 
and that, following siifiicieiit cxp>surc aspcrmia or premature menopanso 
will occur Tho effect is mamlv on the germinal epithelium which can 
be completely destrojtd but oiih after lelativelv heavv radiation cer 
tainlj not after a single fractional exposure such as is received bv persons 
visiting an X rav laboraforv at infrequent intervals 

Bv animal experimentation it vv is found that one-third of an ervthcraa 
exposuro, directed to the testicles cansed a disintegration of the sperma 
to7oa and a dirainutiou in their nntnber 

Complete sterilization n suits jnlj from massiix. doses the so-called 
castration dose with the 200 000 volt tedmic being placed at about 40 pir 
tent of the maximum amount tolerated bj the skin In the experience 
of the author it requias a subcrvthcma exposure filtered applied to each 
of seven ports of entrj and repeated at fonrweek intervals two to four 
times to produce a premature menopause 

Before the biobgical effect of the raj was understood and protective 
precautions observed many radiologists or their technician'! were being 
corstantly exposed ti the ray It was found that after from one to five 
years, numerous operators developed aspermia later inve tigation of 
tbe«c cases showed that this condition disappeared in about two vears 
if the work was abandoned or suitable protection used The technical 
workers of some of the large experimental laboratories are now protected 
bv a epccial lead and leather garment and although they are ‘>xposed to 
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CYcessiro amounts of X radiatioo, tliej are jjot made 8feni< Ample pro- 
tection 13 afforded bj the lead rubber apron m common u«e There i» no 
reason to fear causing Btpnlit\ unless the testicles or onnes are (o be 
exposed 'ttTicro exposures about tbe pclvjs aro to be nude, suitable 
X raj protectne material should be placed o%er the ovaries or testicles 
or, if these organs must he exposed, the patient should he warned of tbe 
probable result lx fore the treatment is undertaken 

Steigtr reports an inteit sting case treated for uterine fibroid Prior 
to 1007 the woman had had four children, there were no further preg 
nancies until 1914, at which time she aborted at the tenth wceL In 191i 
she was found to have a fibroid, complicated bj hvTwrthyrojdism Th*' 
patient was treated for both of these conditions on June 7 and 21 JuU 5 
and 19, and August 2 She menstniated luly 19 and ^8, three da>3 
each time Xo further menstruation after September, 1917 Treat 
meat of tho tbvroid uas continued until ilaj, 1918 She becamo pres^iaiit 
in September, 1019, and in the latter part of April, 1920, was delivered 
of a normal child 

pregnancy — Altliough malform itions and mon«tro«itJe3 have b>ca 
batched from chickens’ o^gs that have been exposed to radiation there 
are no ca«e3 m tho literature winch show any untoward effects fo)Io«viDg 
radiation during human gestation 

Bacteria — It has been found bj oxpcrimeiifatioii that the beta r"' 
tho most destructive to microorganisms, which have boon killed at a depth 
of 2 millimeters below tbe surfaci of gelatin media The amount o 
radiation rcnuired is so excissivc that in li\ iHj, tissue no direct bactencida 
effect can be obtained bv therapeutic amounts It is nevertheless true tha 
many skm lesions of recognized bacterial etiology respond favorably to 
radiation 3Jan\ theories have been advanced to account for this, suci 
as increased phagocytic action of the blood-ocll«, production of bacteri 
oly tic enzymes , and one investigator was able to demonstrate an increa e 
opsonic index after radiation hatever the explanation of tins may > 
the fact remains that areas radiated do tend to become free from bmteria, 
as IS well illustrated in the treatment of diphtheria-carriers, the cu tures 
from whose throats become negilivc after one or two exposures 


RADIODEBMATITIS 

PollowiDg an Xray exposure there as has almdv been statid an 
inhibition of all tissues If the amount has been small a return 
will occur m a short time without any phvsieal manifestations Ifi ^ 
ever, the exposure has been of sufficient intensitv, there will follow, 
period of from a few days to two weeks, an erythema or mdiodenna i^^ 
This must not be confused with the ervthema which frequontly apP^** 
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in from one to twentj four hours following an exposure and disappears 
111 from twenty four to fort} eight hours due, according to 1 fabler to 
electrostatic discharge, and can be pre\eiited bj grounding the lead foil 
protective 

Itadiodernialitis is of three, degrees first second, and third 
The finl decree is characterized bt an erythema which appears m 
from seven to fourteen davs, and vanes in intensitj from a faint blush 
to a deep nd, reaching its maximum in about two vveiks, and disappear 
iHq in about four wteha It is followed hv mild pigmentation or tanning, 
which mav last several weeks or months, gtaduully disappearing 

If the evpoaure has been on a hairv part an alopecn will result which 
mav bu either teinpirirv or permanent This reaction is accompanied 
bv a slight burning or stinging sensation and itching 

In seeo)ul-d(gree radiodcnnatitis the erythema is apt to appear some 
what earlier than in one of the first degree It is characterized bv 
erythema vesiculation exudation and txconation, accompanied bj a 
burning stinging sensation which mav be severe and distressing Second 
degret rndiodtrmatitis u«uallv requires seven! weeks or even two or 
three months to heal, depending on its stventv and the extent of the area 
involved 

In f/iin/-depree radiodcrmititis it is diffi'ult to draw a sharp line of 
demarcation between a severe siond and a mild third It is character 
ized bv all the symptoms of the second degree and in addition there is 
alwavs an ttkeration of the iTue skm The erythema wsnallj appears 
in three or four davs and as a rule the earlier the appearance ol the 
erjthcma the greater the scveritv of the radiodermatitis Almost from its 
first appearance the erythema is a diisLv or even purplish red, and usually 
there is an ulceration of the skin subcutaneous tissue and there may be 
an involvement of even the deep muscular tissue and fascia It is accom 
pamed to an exa^eritcd degrei, by all the svmptoma of second degree 
radiodermatitis, and in addition the pain is exceedingly severe 

Sequelae — The first degree results in tmuing which will disappear 
as a rule within a few weeks or months following a single exposure If 
repeated ervthemas are produced atrophy will result followed in six 
months to one jear bv telangiectasia and permanent alopecia if hairy 
portions are involved It is an axiom to bear in mind Never produce 
an erythema espccialh in an exposid part unless the condition warrants 
the possibihtv of sub Cf^uent afrophv aud tflingiectasia that is, in 
epithelioma lupus vulgvns etc but never in nene tinea tonaurana etc 
The second degree results in atrophv alopeci i telangiectasn, and later 
keratosis which mav digeneivte into tpithelioim, which is always of 
the squamous or pricklo-ccll tvpC 

In the third degree wh le there may he healing after a period of a 
few months with resulting telangiectasia atrophv and keratosis, which 
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excessive amoimts of X mdiatioD, thtj arc not made sterile Ample pro- 
tottion 13 afforded bj tbe load rubber aproii in common list There is ru) 
reason to fear causing stcrihtv unless the testicles or oiaries are to be 
exposed Wlierc exposures about the pehis aro to be made, uitalle 
X ra^ protectne maternl should be placed oier the ovaries or testicles 
or, if these organs must bo exposed, the patient should be warned of tbe 
probable result before tbe treatment is undertaken 

Steiger reports an interesting case treated for uterine fibroid Prior 
to 1907 the woman Jiad had four children, there were no further prog 
nancies until 1914, at which tunc «he aborted at the tenth week In 191, 
sh© nas found to have a fibroid, complicated bj b\ porthiroidism The 
patient was treated for both of tbe&c conditions on June 7 and 21, JuIt ' 
and 19, and August 2 She menstruated Julj 1*^ and 28, three davs 
each time No further menstruation after September, 1917 Treat 
ment of the tba roid was eontumed until May, 1918 She became precnsiit 
m September, 1919, and in the latter part of April, 1920, was delivered 
of a normal child 

Pregnancy — Although malformations and monstrosities have boea 
hatched from chickens’ eggs that have been exposed to radiation there 
are no cases m the literature nhich show anj nnlowarJ effects folloinng 
radiation during human gestation 

Bacteria — It has been found ba expcrimontatioii that tbe beta rav is 
tho most destructive to microorganisms, which haie been killed at a depth 
of 2 millimeters below tbe surface of gelatin media The amount of 
radiation reouired is so excessiac that in living tissue no direct hactoneida 
effect can be obtained b\ tberipeutic amounts It is nevertheless true that 
many skin lesions of recognized bacterial ctiolog} respond favorably to 
radiation ilanj theories haie been advanced to account for this, sue 
as increased phagocytic action of the blood-cells, production of bacter^ 
olytic enzymes, and one investigator was able to demonstrate an increa 
opsonic index after radiation ^\^n(e\e^ the explanation of this maj > 
tbe fact remains that areas radiated do tend to become free from bacteria 
as IS well illustrated in the treatment of diphtherii-carncr*, the cultures 
from whose throats become negitne after one or two exposures 


RADIODERMATITIS 

Following an X ray exposure there is, ns his already been stated an 
inhibition of aU tissue** If the amoimt has been small, a return 
will occur in a short time without any pliysieil manifestations If, ^ 
ever, the exposure has been of auffimeot intensity, there will follow m 
period of from a few days to two weeks, an ervthcma or radiodenna i 
This must not be confused with the erythema which frequently app'^'^ 
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Idiosyncrasy — Severe ructions octisionaUj ounimug Aihcn the 
posure ippirentlv has not been e^eessire, are explained by o called 
\ ra\ ldlos^n(.^asv ’ 

As technic improved, nntowird resnlts became le s freiuent, and 
to ddv the existence of true idiusvncnsv is denied the best workers 
Exposures which produce tinexpeitedh severe reaction can usually be 
traced to some error in judgment rr inaccnract in techiue 

There may he a hipersensitneiiess and certain conditions do infliienee 
the action of the rai k blond km is mon sensitnc tlnu a bninette 
The flexor awrfac*-^ of the bodv are niAre sensitive thin the extensors 
Age is a factor children being more susceptible than adults and a loiing 
adult more than an aged person Ceitain drugs enhance the action of 
the rav and positive information as to the length of time since their last 
use must be obtained before irradiation is determined upon 

One of the most constxnt sources of danger is inaccuracy of the milli 
amperimcter a slight variation in its reading bciiie, iv fTetpient source of 
error in exposure To avoid this two milh'iinpcrc meters should he used 
in senes If this is impossible the one eniploved should be tested fie- 
qiieutly All fictors must be maintained constant during an exposure 
einco a variation in any one means a change m all 

Tlio area surrounding the pin t> In irradiated should bo protected, 
and ltvJ«r^ thTOU„h failure to use this precaution is unjustihallc During 
exposure the patient must bo constantly und< r observation for any one oi 
tho many accidents which might occur miv result in the death of the 
patient unless tin operator is prepared for tho emergency kctiirite 
records of everv detail of the treatment must bo kept as in radiotherapy 
the medicolegal aspect must be constantly borne in mind 

The following (lnio» should never be emplovod within two weeks pre 
cediLj, during ncr two xvciks subsequent to the use of X ray In the 
ordmanlv u>icd foninil® fhev are kcrvtopla tit and m strong oolutioiis 
they arc keratohtic X rav lowirs tdl vitality in all tissues Wien this 
occurs in an ana where these drngs hive lucu used this action becomes 
more powerful and the keratohtic action of the drug follows 


lodiu 

Iodoform 

Resorcin 

Oil of Cade 

Coal tar Preparations 

Lotia Alba. 

Silver Nitrate 
Stronger ilercurui Prtpara 
tions 
Ice 


Heat 

Musterole 

Baume knalgtsique 
Beta Naphthol 
Chrysa robin 
Onsohne 
Benzin 
Turpentine 
Scarlet Ted 
Sulphur 
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IS more Iikclj to <lc{,cntraft into a prjrklt-c<-U epithelioma, t!j^ t tu] 
result IS an indolent ulcer 

Treatment — 1 tr^l Detjree — ^Tlie first di^nc tiKtiallv re<jmrfs nolr-at 
rnent If the buminj, or itching js annosin^, a lotion of cjlamme ard 
7inc in «iteli Inrcl ina^ Ix. iiwd One or 1 per cent carlxdie anl mar 
Iw adihd Ln;nitritum aqux ro *r or \aseliti mav lx all that vil! U 
reejmred 

, Second Derjree — If thew is no lesiculation, the calamine and ru'* 
ina_> bo UMf], or an oinfmcnl roijtaiJiMit 1 to 0 prr cent jethrol mi b* 
used in (oinhination ^Mth zinc oxid 

Jf 

I/IitliMtl — 1 to l|Mreeiit 
/iiK Orid 
Fiv \q Jloi-x 

To this Tna\ lx* addeil plnnol 1 to 2 I'or cent, or menthol pr 1 to 5 
If ^(bKulatifjn an<l exudation jrc pn-mit, a vet drfSMin„ i» to b 
ferre-d, hut it mu t lx U»nit in mind that ihf exudation (depriifraUl 
tell prnductsj is extrcincK irritating and, vhtre^cr it comes into con 
tact vith the nonnal skin, will ^ut ris< to on aetife ecremalous conditum 
Jo amid this, tin surrounding normal iisxtu slnmld 1« (OKrt-'l with s 
laxer of xasflin befon the wet drt snip is applnxl Jin followm,, drtss* 
mg, 8UeP«-8t(d bx Dr David ‘^attMstclu, will lx found of ecrM'f 


If Inrit 

Iloracic \eid A 

Sodium f blond Id 

‘'od/tim lUcirhouatp 'd 

\q q f ad 100 

Applx Icxall) 


Third Degree — ibc most marke*! svmptom of tliird-elepree radio- 
dennatitis is the wvtrc p-nn, and it is to tins that th« priiieipal treatment 
must b< dirextfd While Iwal applieations mav afleml wjinr relief, it >* 
freqiicntlv iiteessar^ to resort to internal rnediration In miff c3’'^ 
the coal tar products will lx siifllcicnt, but m m vere ones it mav lx neec^ 
sarj to resent to morjilim or coejcin “llie-s dnigs mast lx use*! with 
extreme caution te> avoid the daiipstrejf dm^ addictienc 

The W(t dressiiip eif Ixjracic aeid mav lx used eir an ointnnnt contain 
inp ’j to 10 jxr tent of anestli(sin will often afford seinie relief 
ftparatKin ejf tin shiuph, th< painlsennes has revere At fhi^ star** 
ointment eef lethved, 1 tei pereeut, is inelirateeJ 

If an indolent ulcer re**-ults bealitip mav lx pnidiie/d, or at l^a-t 
aided, b} u^e eiif the Kroinavcr or Alpine sunlamp 

In extreme caws, or if bc'alinp lias not taken place m a 'e*ar it ^ 
advisable to cxeisc the entire affected area and skin graft 
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lu tlw* upper scale changing to a jcllouish gtetn ajjd that it was difficult 
to obtain fresh bands, made their ii&c impnctical 

In 1916 the author, in collaboration with Dr Withcrbee conducted a 
senes of expenmcntsi to de\isc if pi&sible a means of measuring X rav 
dosage by the use of definite factors — spiA. gap milhamperage, time, 
and distance — m order to obMate the uae of pastille and radiometer The 
results of the experiments were published m I**!? 

In measurement of photogiaphic intensities it was shown bv Shearer 
that by doubling the \oltsgo, four times the amount of radiation and 
that bj doubling the distance one-quarter of the amount reaches the 
plate His formula was as follows 

Voltage X \oltagi X Current X Time 


Bistance X Distance 

For convenience, suppose the following factors are taken 
5 Inches S>park Gap (voltige) 

20 Jlilliampercs 
4 Slinutcs 
20 Inches Distance 
then o X 5 X iO X 4 2000 

20 X 20 400 

If the voltage be doubled the mtcnsitj will be increased four times 
as expressed by the following fonnula 

10 X 10 X 20 X4 8000 

20 X 20 400 

Ilowcicr when this rule was applied to \ ra> dosage from the stand 
piimt of jxstille mcsaviTLincnt it was found that doublin^ the spark gap 
instead of increasing the mtensitv four times as would be expected from 
the rocntgenographic formula onh doubled it It was further hown that 
the pastille me Inurement corresponded to the biological effect on the skin 
Thus the formula for measurement of unfilteiod X rav intensity m radio 
therapj is 

Spark Gap (voltage) X Milhamperage X Time 
Distance X Distance 

Having established an equation using the factors necessary to produce 
a certain biological or pastille effect the result could be repeated on dif 
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Benzoic Acid 
Balsam of Peru 
ifustard 


Stronger Amiaonu 
Preparations 
Cliloroform 


TJie action of the following drugs, in eoniiection with A rav, tai 
not been definitely determined, nnd they should be used with esiremc 
caution 


Camphor Cliloral 


The follow uig dnigs mny be used 


Phenol up to 2 per cent 
Alcohol 

Jfngiiesiuiii Carbonate 
^ dselm 


Zinc Oxid 
Bomcic Acid 
Itismutli 
1 aimlin 
Picric Acid 


ifcntLol 


Icthjol 1 to 3 percent 

Calamint 

Pav Bum 

Ether 


METHOD OF OOMPOTING X EA7 INTENSITY OE DOSAGE 

UlfFIlTErED BAbUTIO^ 

In radiotherapy it is ncces«arj to ONiablish an accurate method of 
measurement of the quantity of X ray administered 

In 1004 Sabouraud and Noire demised the first practical means oi 
measurement, making use of Villard’s disco\t.r\ that the platinoc'ania 
of barium is colored by exposure to the A ra\ Thi\ found that when 
esposed to in amount of radiation sufficient to depilate the scalp, the rolor 
of this chemical changed to orang'* They then made a radiometer hai 
lug a scale of two colors, the first wbu*h tlics calk J tiut ‘ A/’ cora«]»u 
iHg, to the unexposed chemical, and a second, tailed tint ‘ B,” correspou lUj, 
to the orange Bv expoaiug a fresh pastille of harioplatinocjamd to t e 
X ray and comparing it to tbi standani ecile, the operator was ab e to 
determine tho Kxallcd erythema exposure 

Later, Holzknecht deiistd Ins radiometer which was without dou 
tho best instrument for use with pastilld Utili^mt, the same pnncip e 
as Sabouraud and Noirt, be establitheJ a color scale with finer gmdatiou*- 
Such a scale was nect!»8ar> m order to give fractional tnatnient ^ 
different shadings were called III, 112, etc, 114 being the 
necessary to depilate the scalp and H » the equnalent of tint B u 
Sabouraud and Noire This scxie was graduated to H 32, or 8 skin uni 
I bo fact that the pastilles made by the Tarioiis manufacturers were 
not umfonn, that unless carefully preserved tho wen, habit to change 
color, that the celluloid band or index was not permanent, after a time 
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in the upper scale changing to a jellomsh grten and that it was difficult 
to ohfitn fresJi bands, made their n e impractica] 

In 191G the author, in collaboritiOD with Dr Witherbce conducted a 
series of expcriineiits to devise, if possible a means of measuring Tray 
dosage bv the u«e of dehnite factors — spirk gap, milliamperage, time, 
and distance — in order to obviate the use of pastille and radiometer The 
results of the experiments were published in 1917 

In measurement of pbotogiaphic intensities it wis shown bj Shearer 
that by doubling the voltage four times the amount of radiation and 
that by doubling the distance one-qnarter of the amount reaches the 
plate His formula was as follows 

\oltago X Voltage X Current X Time 


Distame X Distance 

For convenience, suppose the following factors are taken 
5 Inches "^pirk Gap (voltage) 

20 SliUiampores 
4 JflEUtCS 
20 Indies Distance 
then 5 X 6 X 20 X 4 2000 

20 X 20 400 

If the voltage be doubled the intensitv will be increased four times 
as expressed by the following formula 

10 X 10 X 20 X 4 8000 

20 X 20 400 

However when this rule wve applied to A. ray dosage from the stand 
point of pastille measiircinent it was found that doubling the spirk gap 
instead of increasing the intensitv four times as would be expected from 
the roentgenographie formula onlv doubled it It was further hown that 
the pastille measurement corresponded to the biological effect on the skin 
Thus the formula for measurement of unfiltered S mj intensity in radio 
therapj is 

Spark Gap (voltage) X "Millnnipcrago X Time 
Distance X Distance 

Having established an ei^uation using the factors necessarj to produce 
a certain bioJogieal or pistiUe effect the result could be repeated on dif 
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Benzoic Acid 
Balsam of Peru 
llnstard 


Stronger \mmonia 
Preparations 
Chloroform 


The action of the following drugs, in connection with X ray, has 
not been definitely determined, “Uid they should be used with extreme 
cintion 


Camphor Chloral 


The following drugs mn\ be used 


Plienol lip to 3 per cent 
Alcoliol 

jraguoaium Carbonate 
\ aselin 


Zinc Oxid 
BoracJC Acid 
Bismuth 
I anotiD 

Picne Acid 


llenthol 


Icfh\ol 1 to 3 per cent 
Calamine 
Bay Klim 
Ether 


METHOD OP COMPUTING X RAY INTENSITY OB DOSAGE 


Unfiliehed Kamatiov 

In radiotherapy it is ncccssarj to establish an aecnrato method of 
measurement of the quantity of \ rav admimstered 

In 1004 Saboiiraud and Noire devised the first practical means of 
mea8urem(nt, making use of VillanI's diseo'iry that the platinocvamd 
of barium is colored by exposure to the X rav lhc7 found that when 
exposed to an amount of radiation sufficient to depilate the scalp, the color 
of this chemical changed to orange They then made a radiometer hav 
mg a scale of two colors, the first, which thev colled tint ‘ A,’ corrispond 
ing to the nnexposed chemical, and a second, c died tmt “B,’ corresponding 
to the orange Bj exposing a frosli pastille of banoplatinocyamd to the 
X ray and comparing it to the standard scale the operator was able to 
determine the so called erjthcmi exposure 

Later, Holzknecht dcvi«cd his radiometer, which was without doubt 
the best instrument for use with pastilles Utilizing the same pnnciple 
as Sabourand and Noirt, he estahhshed i color scale with finer gradations 
Such a scale was necessarv m order to give fractional treatment Ihe 
different shadings were called III, H 2, etc II-4 being the amount 
necessary to depilate the scalp and the equnalent of tint ‘B’ of 
Sabowraud and Noire This scale was graduated to H 32, or 8 ■'km units 
The fact that the pastilles made by the various manufacturers wire 
not uniform, that unless cirefoUj preserved thev were liable to change 
color, that the celluloid band or index was not permanent, after a time 
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^Int would W. tbe diatineo rwjuiml to produce 1 sbm unit, using 
tlie following factors 3 inch spuk j,ip 3 inillininpcrts 10 minutes < 

3 X ^ X H 144 

D X D D 

144 3C 144 04 j2ob 

= X — ~\l = inches (distance) 

D 04 D 36 \ D 

A\bat would be the amount of ridiitiou pisjduced using the following 
factors 0 inch tap 3 milliainpcres muiut« % at 8 inch distance ' 

6 y " X ‘>0 


8X8 04 

00 36 10 ( 4 

— — — = — X — = — =- 214 (skin xinits) 
C4 64 04 0 3 

The following eTpcritncnt wis also done 


■Expehiment Siiow»\r Time rem O^E \Jmt 


U It mpvr 

sp» k 0 i> 

n 1 

Tw 

3k U t 

(1) 3 

3 

8 

0 

i 

(’) 3 

S 

4 

i 

1 

(3) r 

c 

8 

2 

1 

(4) 3 1 

6 

ir 


i 


From tho above evpcrimints the folliwiiig niles can bo deduced 

1 Doubling the spark gip or millinmpcngo dnuhlis the smjiint or 
hahes the time 

2 Doubling the distance quarters the amount or quadruples tbe time 

Filtebed Radlvtiov 

According to the pastille meaTOiement twice tbe amount of radiation, 
or 2*^ skin utiit« is required to produce an erjthema when a filter is 
interpo ed 

In the cstimition of filtered intensita or dosage the method differs 
for while in unfiltered radiation there is one standard formula in faltered 
there must bo a formula for each thickness of filter cmploacd Further 
diaergenco from tho photographic finanla is noted in that the intensity 
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fcront patients, using the same or diflforcnt machines It wis found 
that h-^ using this foniiula other factors cniild lx* substituted and the 
sumo results obt lined b^ arithmetical computation, and that three factors 
being known, tlic fourth could be computed 

In pastille readings with the Holzknecht radiometer H 1 is used as 
the unit of ineasurtmcnt, and represeuts one fifth of the amount of radia 
tion nccc3sar\ to produce an crjthema Four times this (H4) is the 
aincumt iiocessan to depilafo the scalp without causing a permanent 
alopcci 1 , and is tlio so-called “skin unit ” 

The ■stindard formula for 1 skm unit, using a 3 inch spark gap, 3 
milhamporcs, 4 minute time, at 8 inch distance, is 
3X3X4 36 


8X8 64 

Ana or all factors maj ho ehauged, and given ina three factors the 
fourth maj bo obtained bj the following rules 

1 To determine milhampcngo, spark gap, or time, the standard 
formula is used as the dividend 

2 To determine distance or amount the standard formuh a H^ed 
as the duisor 

Examples 

What would be tJio time necessary for one unit, using a b inch gapj 
3 milhamperes, and 8 inch distance* 

6 X 3 X ? 38 


SXS 04 
30 18 36 64 

— — — = — X — — 3 (minutes time needed) 

64 64 64 18 

It therefore follows that if the spark gap 1)0 doubled, and the tunc 
reduced one half, tlio same amount of radiation avill be produced 

Ybat spark gap avould be nccessarv to produce 1 skm unit using c 
following factors 3 nailliampcres, 2 minutes, 8 luch distance? 

? X 3 X 2 6 


8X8 64 

56 6 36 64 

— X — = 6 inches (spark gap required) 

64 G4 G4 6 
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^\lat ^\o«ld ho tlie distance required to produce 1 skm unit, using 
tlic following fictors 3 indi spark >.np 3 milliampcrea lb minutes^ 

3 X ® X 1* 144 

DXD D 

144 "f 144 (>4 noG 

X — ~\l — ■ ” 1^ inches (disUncel 

D 64 D 36 \ D 

Mhat would bo the amount of ridiitiou produced usin^ the toltowing 
factor? b inch gip, nullinnperes > minutes it 8 inch distance * 

c y 3 X o no 

8 X S 04 

no 36 no C4 5 

— — X — = — = 21'^ (skin units) 

64 04 64 "6 2 

The following csfxnmcnt was also done 


Evpebiuest SiiowiM. Time fob One Unit 


U 11 mper 

sp k 0 p 

D t 

Toi 

Sk (J t 

(1) 3 

3 

8 



(■>) 3 

6 

8 



(3) 8 

3 

8 



(4) 

6 

1C 




Frcm the above experiments the following rules can be deduced 

1 Doubling the spark gap or millumpcrage doubles the amount or 
hahe? the time 

2 Doubling the distance quarters the amount; or quaclmples the time 

FlLTEnED Radivtiox 

According to the pastille measurement twice the amount of radiation 
or 2l{_ skin units is required to product an erathema when a falter is 
Intel posed 

In the estimation of filtered intensity or dosige the method differs 
for while m unfiltered radiation thiri is one standard formula m filtered 
there must bo a formula for each thickness of filter emploicd Further 
diiergoucc from the photographic formula is noted m that the intensity 
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\iriC8 inversclv \Mth tlic distance instead of with the etiuarc of the 
dist-ince 

Also the tune factor m filtered radiation differs from that of un 
filtered in its action on the skin and pastille, for while in the latter 
doubling the time doubles the amount, m filtered radiation the increase 
in the pastillo reading, depends on the spark gap or voltage in connection 
with the filter employed When a C inch spark gap is used and the time 
required for 1 filtered unit is doubled, the reading is 1^4 filtered units 
instead of 2 Ilepesting this process advances the reading t/i filtered 
unit When a 7 inch gap is employed, doubling the time produces IV 
filtered luiits, and the reidiDg then advances at the rate of filtered unit 
for each exposure Using an S, 0 or 10 inch gip adrances the rcadiOg 
it the rntc of for c'leh exposure until 2 filtered units have hecn reachpd, 
and then advances at the rate of filttrcil unit 

The onlv exception to this rule is where 5, fi, or 7 roillimeters of 
aluminum arc used when doiiWiug the fimt advaiices the naclmg to 
and tlion at the rate of for each exposure up to 3 filtered units 

The following formulae have been established for the different thick 
nesses of aluminum filter employed TIic thickness of these filters ranges 
from Vi to 7 millimeters 


Foniiei.r ion Aliuisum hiLTen 
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To illustrate the differeue© in iT.a<iuig nhen the time ueeessarj to 
produce one faltered unit is increased, the following table from Witherbee 
and Remer s original article is copied — m each instance the filter being 
3 millimeters aluminum 


Diffebencks r« READtNO Shown 


Sp k G p 

MUun.p 

D t 

Tin 

T Itered U it 

c 


10 

3 mill 51 sec 


6 


10 

7 min 43 sec 

iVi 

6 

0 

10 

11 nun 33 sec 

11 

0 

5 

10 

15 mm ‘’4 sec. 

134 

6 

- 

10 

19 mm 15 six 


7 

5 

10 

3 mm li> sec 


7 

5 

10 

6 min v0 sec 

IVa 

7 

, 

10 

9 mis 54 sec 


7 

5 

10 

13 mm 12 sec 


7 

6 

10 

lemm Osec 

SVd 

7 


10 

19 mis 46 see 

2y 

7 


10 

23 mm 6 sec 

234 

7 


10 

2)' mm 28 sec 


8 

5 

10 

2 mm ./Ssec 

1 

8 


10 

5 mm 46 set. 

3V 

8 

0 

10 

8 mm 9 sec 

2 

8 

S 

10 

11 mm 33 sec 

SV* 

8 

5 

10 

14 mm ®5 6ce 

2*9 

8 

5 

10 

1< min 18 sec 

■4*4 

8 


10 

20mm 11 sec 


9 

5 

10 

2 mm 34 sec 

1 

9 


10 

5 mm 6 sec 

n 

9 


10 

7 mm 4'» sei. 


9 


10 

10 min 16 sec 

2^4 

9 


10 

12 mm vO see 


9 


10 

15 mm “I sec 

2*4 

9 


10 

17 mm 58 see 

d 

:o 


10 

2 mm 19 sec 

1 

10 


10 

4 nun sec 

IVe 

10 


10 

6 mm 5 sec 

2 

10 


10 

9 mm 16 sec 

-i‘4 


Tho mathematical computation for filtered radiation differs some- 
what from that of unfiltertd in that it is alwavs nectssara first to fand 
the time required for 1 filtered nmt, and this must he multiplied b\ the 
number of times this exposure must h* repeated to obtain the desired 
amount 
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To illustrate the diffcrcuu, in reading Tihen the tune necessarv to 
produce one faltered unit is increased, the folloiving table from ^\ltllerbee 
and Itemtr s original article la copied — in each instance the filter b< mg 
J millinitters aluminum 


Differem.£s in lEuatiD Siionx 


Sp k G p 

sni TTp 

D 1 

Tm 

Fill d Dolt 

C 

S 

10 

3 nun ^1 sec 


0 

5 

10 

7 nun 4^ sec 

1*4 

6 

O 

10 

11 mm 33 sec 

1'/ 

6 

5 

10 

15 min 24 sec. 

134 

6 

5 

10 

19 min 15 sec 


: 

S 

10 

3 mm IS sec 


7 

5 

10 

6 min SC see 

IV 

7 

, 

10 

9 mm 4 ec 

l»d 

7 


10 

Umm 12 sec 


7 


10 

IGmin .^Osec 

sVi 

7 

S 

10 

19 mm 44sec 

2V 

7 

9 

10 

^ mia Csec 

234 

7 

5 

10 

26 mm 28 sec 


8 

S 

10 

2miD tfSsec 

1 

8 


10 

.»mm 4<*isec 

IVa 

8 

5 

10 

8 mm Dsec 


8 

5 

10 

11 mm S'* sec 

2Vd 

8 


10 

14 rain ^Ssec 

2* 

6 

5 

10 

li min 18 sec 

8*1 

8 

5 

10 

^mm 11 sec 


9 


10 

2 mm 34 sec 


9 


10 

5 mm 8 sec 

IV 

9 


10 

7 mm 42 sec 

2 

9 


10 

10 ram 16 sec 


9 


10 

13 mm 50 sec 

2V 

9 


10 

IS mm 24 sec 

2% 

9 


10 

1? mm SS sec 

3 

10 


10 

2 mm 19 sec 

1 

10 


10 

4 mm SSsec 

ly 

10 


10 

6 mm Si sec 

2 

10 


10 

9 mm 16 sec 

2U 


The mathematical computation for filtered radiation differs some- 
what from that of unfiltered in that it la almajs neccssarj farst to fand 
tlie time reipured for 1 filtered unit and this must be multiplied bv the 
number of tunes this erpoanr© mutt be repeated to obtain the desired 
amount 
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Examples 

^Miat -nould be tbe time required to gi%e an exposure of 3 filterd 
units using tbe following factors 7 inch spark gap, 4 milhampcres, V 
inch distance, 1 millimeter aluminum filter 

7X4 28 

12 ~ 12 

171 

The standard formula for 1 millimeter of aluminum is 

20 

First find the time required b^ dividing the standard fonnula by — 
171 23 171 12 

iT“ ^ **** ^ imnutes and 40 seconds, time re 

qiiind for one filtered tinif 

Referring to the ahoi-e table aie find that 4 tunes this amount is neces 
sarj to produce 2 filtued units, therefore 14 mimiteg and 40 seconds is 
the required exposure 

TJnflltered Treatment — In derraatologa tlie Xn\ his long ken a 
routine measure, and it was m this branch of mtdicino that it Lad its 
first principal application In some iiistaneos it is eurative where other 
methods ha\o failed In others, it is a ajlnablo adjunct to medication 

The adaantage of cleanliness, conaenicnce, and abseues of pun, and 
the elimination of the use of irritating and offensuc ointments, u’ualh 
commend it to the patient ‘ Often there arc economic reasons which 
make its use more prictieal espeeiallv for the wage-tamer” 

The method used m dennato)Oc,ica] work is that of unfiltered ridia 
tion A spark gap of 6 to 7 inches, a current of 2 to o milliamperes, with 
a target skin distance of 8 inches, usnalU gives the best results The 
time and number of exposures niu‘=t of necessity vary with the nature 
of the condition under treatment — from one-tenth of an erythema c' 
posure, when the pathological condition is of an acute or subacute inflam 
matory nature to two or more erathcmi evposures, when it is of the 
granulomatous or neoplastic type 

The methods employed in the treatment are tae intensive, the ®eun 
mtensne, and the fractional 

/li/cii'iitc Treat/nint — Single tvposures of from 1 to 2*^ '‘Kiii I'Uit^ 
repeated at four to si-vweek intervals 

(Semi int^Jisn e Treatmenl — ^Exposures of from to 3^ skin urn 
repeated every two or three weeks 

Fraclioiinl Trenimenl —Vs to ^ of 1 skin unit repeated seraiweehh 
if the % S U IS employed, and weebv if the ^4 S U is used 

Not onl\ 18 there a pathologicil indication for the intensity of 
posure, but there is also a techmc 1 condition, that is, the character of t e 
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skin, the age of tlio patient, etc klso, tho entire bodj «hould not be 
expo ed at ono time, owing to too gn it a sastemu reaction, acidosis and 
too groat a reduction of the hmphocjtes to inaurc a normal rccoierj 
before tbe tune of subsequent exposure 

In generalized conditions such ns psoriasis, gtiitralized eczema and 
niacosis fungoidcs exposures are pieterablj given three times a week 
allowing a dav to elapse between each exposure The entire bodv is 
divided into three areas and this* again subdivided For tin first ex 
posuro the hcid and arms are ndiattd second the tnink and buttocks 
and third the legs and thighs 

The head is divided into hve areas as in the Adamson Kienbock 
method for tinea of the scalp the irms forcirros and hands into six 
ams each three flexor and three exttnsor the trunk, into eight areas 
four ventral and four dor ol the buttocks one tor each buttock, the legs 
and thighs into six areas three anterior vnd three posterior 

The exposure given is Vs skm unit to each area of the scalp once a 
week until four exposures have been given freitment is Uien, dis- 
continued for tour weeks and it nccissarj a second senes is given and 
after a rest period of feiur weeks mav l<j repeated if the condition 
requires 

To ea<h of the areas of tho bodv V 4 skm unit is given each week 
until the lesions have disappeared the treatment usunllv being concluded 
in from four to eight week depending on the seventv of the case If it 
IS impossible to follow the above method winch is tho ideal one the bodv 
IS divided into two general area and exposures made twice a week 
emploving yg skin unit for each area of the bodv instead of 14 

WiiEV UieriLTERED Radiatiox Mav Be Used 

Rosacea Per Se — I hi do*^ not rrspjud to ridiition ilthoiigli the dciic 
which 19 usually an aceompaniment of this condition will be benefited 
Lichen Planus — Favorallc re nits are. practicillv alwajs obtained in 
tbe treatment of lichen planus bv iiradiation hut on the character of the 
lesions will depend the technic to be employed The mflueiice of the raj 
on the severe pruritus which dieimpinits this cmdition is marked tre 
quentlv after the first treatment 

IVhen the disease is generalized the technie given for (,enpralizpd 
disea«e9 should bi followed In the acute or chronic tvpe t/4 skin unit 
at wcelly intervals should be administered Usuallv involution begins 
after one or two exposures and a mre is effeeteil after from C to 10 
irradiations In tho hypertrophic tvpr of the dianae the 14 akin unit 
18 not sufficient to bring about the desired reeult, so that a siibtrj tliema 
exposure of 1 «kin unit is best employed to be repeated everj four weeks 
Small circumscribed patches of ordinary lichen planus respond to frac 
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tJonal doses of ^ skin unit adnunistcrcd woekh, the indiMdual lesions 
being isolated, and the Burrounding normal skm protected with leadruhher 
or lead foil 

In the verrucous type, owing to the marked hyperkeratosis intensire 
treatmuit should he f.i\tii to IVC skm units should be odraiiustcreil 
and repeated in four to fi%e weeks, ti necessary Care must he taken to 
protect fulh the surrounding normal skin with lead foil While iisuallf 
unfiUered ra\ is effectual m the \cmi«ni» t\ pe, insolation may frequentli 
be hastened by using a filter of I millimeter aluminum, an CMposuro of 
2 filtered units being given 

Psoriasis — It douhtful if there is an\ method of treatment that can 
coropire in favorable rosalls with X ray m the treatment of psonasi’ 
Ihe cleanliness of tho method as compared with the use of ointment, 
especially ehnsarobia, appeals to the patient, and also from an economic 
standpoint it is of value, but it must be borne m mind that the disease 
IS incurable and that recurrences arc bound to appear sooner or later, 
the time vaning from, a few weeks to a year In one case in the authors 
practice there was no roeumnee for two aears 

Occasionally there acecasea which will not resjwnd to radiation new 
lesions appearing in iieis winch have shown improiement, and are undtr 
treatment In a case where the disease is to be infiuenced by radiation. 
It Will disappoir under b to 8 trc-itoiiiifs of fnctionil CTposum of 
skm unit given weekh, an impreicmcnt being noted after two or 
three e^osures If the discisc shows no inaprovemcnt after 8 to 10 « 
radiations it is well to discontinue tho X ra% treatment 

^^hcn the diseise is general, the method suggested for generah^w 
diseases should be followed Should the scnlp be mtoHed, no more than 
a total of y_ skm unit, divided into weekly exposures of skm unit 
each, should be given One conrac should be sufficient to cure, but i 
not there should be an iRtemussion of four weeks, after which the treat 
ment mav be repeated The five points used in tinea tonsur'ias ire use 
in treating the scalp altfaowgli necurate jneasuromenU arc not made 
If the lesions are of long standing and there is much thickening, go 
results mav often be obtained by the use of 1 miUunetcr of aluniiEuai 
filter, filtered unit being administered every one or two weeks 

Becttrrences — While it is pennissiWo to treat recurrences in t e 
minner above outlined judgment must be exercised in the U'c of the rav, 
and it must be borne in nund that loo prolonged radiation, even m 
tional doses, may cause atrophy of the ekin and underhiiig tissues, w i 
will lie followed bv fclangiectxsi i 

Psonasuf of Face — The same technic should be followed in this con 
dition as m aene of the face Peonasis of the hands and feet 
to the same technie as psonasis of other parts of the bodr It is o 
nccessarv to expose both the dorsal and palmar surfaces If both an 
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are affected, it is best to irradiate eatl hand separatclj and, m e'^osing 
the palmar surface, to measure from the highest point that is the thenar 
eminence Each foot should also bo eTposed separitelj 

Ptiona^is of I\ath — This condition is more resistant to irradiation, 
and fre(iuentl) ten or twehe treatnunte are neceasirj to produce satis 
factory rc ults The akin 'ibout the mils should be protected, as in 
paronychia or similar nail conditions 

Eczema, — Probibh m no demntDlo,»ical condition has \ rav a uider 
therapeutic ran^e or greater \alue than in eczema both in the acute ind 
chronic tvpes is earli as JSifti) it nas iis<d with benthcial rcaiilts but 
With the more definite knowledge of the conditions which are now classed 
under the general heading of ecsemi its use and application have bcome 
more general and efficacious 

In the earlier historj of the X rav for this condition it was thought 
that permanent clinical cures tonld be effected, but this has been found 
to lie erroneous There are apt to he return nces the time of recurrence 
varying with the different canscs and t\pcs ot the disease 

The respon e of eczema to the nv is usuvlh verv prompt, frequently 
being manifest after the first or second evposiire Among the early symp- 
toms to be relieved is the iiitens* pruritus 

The intensity of tho exposure of Roentgen nv in the therapy of 
eczema depends upon the pnuciph that the more acute the inflammatorv 
process the less the intensity of exposure required and, conversely, tho 
tnoro chronic the process that is the tvpes associated with thickening 
namely acanthosis and tonncctivo tissue hypertrophy or hyperplasia, the 
greater the intensity rcqniri'd to caucc absorption 

Technic — ^Wb< n the condition is generalized the body should he div idcd 
into areas and treated as prcviouvlv described Mhen the lesions nre 
isolated each lesion should he treated individually the surrounding healtlu 
vkin being protected by lead For mild acute or subacute tvpes, exposures 
of from 1 ^ to t/i uufiltercd skin unit alionld be made every thr e to seven 
davs For the more chronic types exposures of fiom y_ to ^4 of an 
iinhltercd skin unit should bt administered every two or three vreeks 

Frequently in the use of the unfiltered rav, especially in the indurated 
types ab orption will be slow The prolonged use of the X ray which 
ina\ b< necessary, may produce atrophy and siibeequeut telingiectasn 
In such cases the use of filtered exposures is indicated the amount of 
thickening and the penetration of the rav desired determining the thick 
ness of the filter to be employed that is, from 1 to 3 millimeters of 
aluminum The exposure should he V- 1 filtered unit administered 
every seven to fourteen days In the mild acute and subacute types, from 
BIX to ten exposures will usuailr prodaeo a clinical cure, 111 the more 
chrome types especially where there is much thickenin,,, a longer time 
usually Will bo lequired 



008 


XR\Y THFRAPY 


The intensity of the exposures and the intervals between the exposurw 
whether filtered or iinfilterwl, will depend upon the clinic il «tatiis of each 
individual caae 

The omploMnciit of X ri\ in ecztma does not bj an\ mean? prohibit 
the use of dni^s which may be of value in connection witb the raj, such 
as znic, Ixine acid, calamine, bismuth mild preparations of ammouuted 
incrciirj etc (see complete list of permissible and contra indicated drugs) 
ill the form of powder, lotions, pistes or creams, as indicated 

Lupus Vulgaris — Although opinions differ rc^irding the results ob- 
tained 111 the treatment of lupus vulgaris bv irradiation, in properlv 
selected cases its value cannot be overestimated In the atrophiL tape 
oi the disease the rav has little or no effect Xot onlv will satisfactorr 
fXMilts not be obtained, but the prolonged treatment that is necc-«an 
will icsult in injurv to the shin and underlying tissues It is in the 
Inpcrtrophic and ulcerative tvpe that Xrav is applicable, and m the<c 
tapes the results will prove not onlv beneficial, but highlv gratifving 

fechmc — Tlio intensive or subervtlienia method should be employed 
rather than the frictional, and, as the disease occurs at all a^es and sf 
tecta various parts of the body, on the age of the patient and location of the 
lesions must depend the inleusitv of the exposure From Vi skin unit 
in children to from 1 to l '*4 skin units in the ease of adults should 
be administered and repeated at intervals of fiom four to five weeks 
It is wise to begin with exposures of lesser intensitv (^-i to 1 skin unit) 
and, if not followed by improvement, to increase the amount of radiation 
“kn ervthema should be avoided if possible, particularlv when the lesion 
is situated on the face However, if the condition does not respond (e 
subervtliema exposures, the disease warrants producing an erythema, even 
though a subsLqiieiit atropliv and ftlaii-,KCti3ia ma\ result In irndiat 
iHj, it is important to expose beyond the border of the lesion so that 
from ^4 to inch of normal skm is included m the field irradiated 
The surroiinduio norinil skin should be protected by leid There may 
lx recurrenets and these should be treated lu the same manner as the 
original condition 

Lupus Erythematosus — Irradiation in this disea t i? inisatisfacton 
and IS not advised Wliile m the early inflammatory stage, beneficial 
lesults mav be obtained, later there is an “end result' of a chronic m 
flimmatorv proet ss, w ith atropliv and telangiectasia If treatment is under 
taken, the fractional method of V4 skm unit at weekiv intervals should 
bo employed and if affer four or five treatments there is no improremenf, 
a change of technic is advised, adnumstcring from 1 to 
every four to five weeks 

Mycosis Fungoides — ^Although mycosis fimgoides is inturab e 
marked relief can be afforded, a temporarv clinical cure effected, and the 
life of tbe patient prolonged bv X ray There will alwavs be recurrences 
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and fho disease will uitiinateh prove fit'll One of the marked sa mptoras 
the almost intolerable pniritm cm bt toi trolled and is amniiff the first 
sjmptoms affected lljcoais timgoidii prcbcnts its own indicttion. for 
the freqiiencv and inteiisit\ of the evpisurcs When the di eiso is gen 
eralized, particular caution must be exercised in th treatment as the 
disease seems to be extrcmch sensitise to Xra\ and the patient pai^ 
ticularlv susceptible to a\ atomic reaction 

Technic — In undertakintr the treatment it is well to bCj,in nith cv 
pi ures of small intcnsitt and it will tilcrated to increase the amount 
after tno or thne exposures haii hern Hdmiuisteri.d In the pietungoid, 
non infiltrated stage espiciilli it th« conditiou is widespread it is best 
to be^in with expo una of skin unit rtpeated at werkh intervals 
\fter three or four tanks this mat be increased to % skin unit weekly 
Too prolonged radiation should not bt ^ivcn as an immuiiitt niav be ea 
tablished In auch a case an inUital ol test should bt allowed aftei winch 
treatment mat be rtsuratd with lenofKiil effect If the disease is not 
generalized but consists of oiilt isolitcd non inhltrated platiiies, the 
plaques should be irradiated ludividuallt tlit surrounding healtlit skm 
being protected, and the same iiiteiisitt ol txpo'^urc being emploted as 
when the diacase is generalized 

MacKce advises a differential blood count ctirt two weeks and if there 
IS an increase in the hmphoettes or if there is am rtidence ol toxemia, 
that irradiation be temporirilt diacontiuued 

In the fungoid stage ol the dibca!>e fractional treatment will not «uf 
fice, and subcritliema exposures ol 1 akin unit e\erv four weeks «hould 
be administered If, after the first irradiation there is not m irked im 
proiemcnt the intensita jni\ he inerea e<l to to skin units re 
peated when the erathcmi has subsided Although generally rtspondm,, 
to unfiltered radiation, occasionalh better results can be obtained bv 
the u e of a filter espt cialU if the tumor has attained a considerable size 
Using a filter of 3 millimeters of aluminum in exposure of from 1^'_ 
to 2 filtered units should be administered and rcpcited in tour weeks, if 
ncccssarj 

In 8c\ere cases and in the late stages af the diseise when the condi 
tion ma\ be regarded as sistcmic Jadassohn adiiaes the following technic 
The >od\ is divided info six areas and using, an S inch spark gap, 5 
nulliamperes and a filter of 3 millimeters of aJumiiuim J filtered unit 
IS administered each dav for six davs one area being irradiated at each 
exposure A rest period of tour davs i» then allowed following which a 
second series of irradiations is given again followed bv a rest period 
of four dava and a sub equent third btnes of treatments J idassohn 
claims for this method that not onlv ii there no deletenoua svstemic 
reaction, but on the confrarv there is an appreciable improvement lu 
the disease itself and lu the fecneral heilth of the patient 
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The ititenait> of the exjiosiircs and the inten iJs helTrcen tlje cxposutca, 
whether hitorccl or unfiUcred, will depend npoti the clinical stitus of each 
iiiduulual ci«e 

The eiHplojment of X r'i\ m pcziana dots not hv an> Jneans prohibit 
the ii«c of (InijjS which he of nine tu eonnection inth the rai, such 
IS rnic, hone acid c'lhmme, hismuth, nnld preparations of nmmoniatcd 
imrciir\ etc (sec complete of permissible and contra indicated drugs) 
in the foiin of powder lotions, pastes or crtiins, as indicated 

Lupus Vulgans — Altho»»h opinions ilifftr rOj.irding the results ob- 
t lined m the tre itincnt of Inpna tmlgaris b\ irradiation, m properh 
‘‘ikcttd cases its \ihip cannot bi o\oKstimnttd In the atrophic t\pe 
of the di»ei‘'t tlio ra> has little or no efftet 2*fot onlv will gatisfaetori 
nsultg not be ohtuwed, hnf ihe pndowgid treatment that is iieoessjn 
will ixsuU 111 iiijurv to the shm and underljiitg tissues It is in the 
h'ptrtropliic and «lccrltl^e t>pc that X ri\ is npplieablo, and m these 
t%pts tho results will pro^c not onK beneficial but highh i^ratifiiiig 

Technic — Tho lafeiisi^c or sHUnfliiina method should he einplojed 
rather than the fractional, and, as tho disease occurs at all a„e8 and of 
fi ets \ anous parts o f the bodt , on the age of tlie patient and location of the 
lesions must depend tho intensita of the exposure From 
)» rhildnii to from 1 to shin units in the ease of adults should 

be iidminiatcred and repe-ited at intcraals of from four to fiio weeks 
It IS wist to bOcin with exposures of lesser iiitensitv (J/, to 1 «km unit) 
and if not followed hi iruproKiotnt to increase the amount of radiotiou 
ku tfithtina should he aaoided, if possible parfieuJarJs when the Icsioa 
is Situated on tho face Hoeserer, if the condition does not respond to 
snbenthema exposures the disease wannnts producing an eivtheraa, e\en 
lhoUp.h a siibsfHpKiit atK>pl>% and tel uujiexfaau niav remit In irridiat 
nij, It IS important to expose lie^ond the border of the lesion, so that 
from to y_ inch of normal skin is included in the field irradiated 
Ihe surrounding iiormil skin abonld be protected bs lead There mat 
be rtcurreiicts and these shontd be (rested m tho same manner as tho 
origin il condition 

Lupus Erythematosus — Irradiation in this diseaw is uiisatisfactore 
and IS not adnsod TMule m tlm earlj tafiammalon stage, beneficial 
lesults ma\ be obtained later there is an ‘end result ' of a chrome in 
ftimmator> prnce s with alropha and felancieetasia If treatment is under 
taken the fractional method of ^ skin umt at xrcekh mtemis should 
be employed and if after four or hre treatments there is no iraproaemcnt, 
a cb'Uigc of technic is adttsed, adnuuisteiiaj, from 1 to lt/4 skin units 
e\erj four to fiio weeks 

Mycosis Fungotdes — AUhoogh mxcosia fimgoidea is incurable 
mark^ relief can be afforded a temporan clinical cure effected and the 
life of the patient prolonged bt X raj There will alwa\s be recurrences 
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and the disease will xiltimateh pro%e fatal One of the marked saanptom , 
the almost intolerable pruritus ein be coi trolled mid is amon^ the hist 
symptoms affected Jlaeosis fun^oides presents its own indication for 
the frequency and mtensitt of the exposnres When the disease is gen 
enlized particiilir caution must be exercised m the treatment as the 
disease seems to bo cxt^emel^ sensitive to Xray, and the patient par- 
ticular]\ su'^eptible to sa^temic reiction 

Technc — In xindertakinj tlie treatment it is well to begin with ex 
posures of small intensity and it well tnlciited to nicreise tht amount 
after two or three cxpoaui-es La\e been idministered In the piefungoid 
non infiltrated stage, esptcnlK it the condition is wulcspreid it is best 
to hegni with exposures of 1^4 unit, leptatcel at weeLh intervals 
After three or four weiks this mi\ be increased to ^4 ^veekh 

Too prolonged radiation should not be given ns an immunitv ma\ be es 
tablished In such a case an interval ot rest eliould be allowed after which 
treUmeat mav be resumed with bcnefitiil effcvt If the di«case is not 
generalized but eonsists of onh isjlited nm infiltrated plaques, the 
plaques should bo irradiated individiialh the surrounding lieiUhv skin 
being protected, and the simo mtensitv of exposure being emploved as 
when the diseaso is generalized 

jHacKee adv ises a differential blood count ev« r\ tw 3 weeks and if there 
18 an increase in the Ivmphocvtes or if there is anv tvadence of toxemia 
that irradiation be tempiranlv discontinued 

In the fungoid stage of the disease fractional treatment will not suf 
fioe and «ubervthema exposnies oi 1 skm unit ev<r\ four weeks should 
be administered If after the first irradiation there is not marked im 
provement, the intensity miv bi inireastd to 1^4 to 1 4 «kiu units rc 
peated when the orjthema has su1>sidcd Although generallv rfspondm^ 
to unfiltcred radiation, occasionallv better results can be obtained be 
the u«e of a filter eapeciallv if the tnmor has attained a considerable size 
Usin^ a filter of 3 millimeters of aluminum an exposure of from IVl 
to 2 filtered units should be admmistcred and repeited in lour week« it 
neceasarv 

In severe cases, and in the late staf,e9 of the di ease, when the coiidi 
tion mav be regarded as sv stcmie Jadassohn adv ises the follow mg technic 
The bf dv IS divided into six an as and usm^ laii s mch spark gap, 5 
milhamperes, and a filter ol 3 millimeters ot ilummum J filtered unit 
18 administered each daj for ix dais one area bein^ irradiated at each 
exposure A rest period of four da>3 is then allowed folloveing winch a 
second senes of irradiations is given Soain followed bv a rest period 
of four davs and a subsequent third senes of treatments Jadas«ohn 
claims for this method that not onlv is there no deleterious systemic 
reaction but on the contrarv there is an appreciable improvement in 
the disease itself and in the general health of the patient 



«10 XRU THTRAPl 

Tinea Tonsurans and Favus — oflur motliod is ns prompt ntid 
efhcicioiis m the trcitiuont of tins common and di^ij^eiLlo condition ns 
IS radiation In croiidcd cities, ^»licre a larpt munlx'r of clnldreii nro 
affected, tlio di«cii«c becomes not onl> a imis-nKe, but nl o an ceonomic 
problem Unless a complete dcpilatioii is accomplisbcil, a cure without 
recurrenco cannot be expected In mam iiistancts, but one or two isolated 
patches maj bo found, but e\cn iii those it is iinperatne to depilate tlic 
entin. sciJp, for if onlj the single pitches aro trcited, the falling hair 
will affect health} areas, and nltiinitclv a eompltfo dcpilation will I® 
11000*58 ir% 

B} employing the \dnin'Mm Kienhock method of meisimincnt of 
the scalp and using the Ctiolidgc tube and inttrrupterless trmsfornier, 
«n ciitin «e«lp can be dojnhted in fropi thne^iinrttrs to otn hour 

Ttiico, — A marker for the meisurcmcnt of the scilp lias been devised 
bv Dr George Andrews, which permits of nccurafi measuument with a 
marked saving of time \\hilc in the hands of a competent operator this 
method of treatment is simple, and the lesults accomi)h«ht J are gratifj me, 
n word of wmiing should l>o soMwdeil, for unless tJuro is alwJiito no- 
curacj in even detail, Uicro is great danger of permanent alopecia, if not 
more serious results 

Before irradiation it is most important to ascertain whether or not 
tlio patient has had an} previous application of tlic ra} to tlio scilp, or 
has been using an} irritating drug**, inch as 8ilie}liD acid, lodm, luoreur}, 
etc. If any such drug has boon u«ed, it is best to delav treatment for at 
leist two weeks after the last application, m fniliirt to do this ma} re- 
sult in a radiodormatiti*, or pcrminent alopecia It must also be re- 
incmborcd that no irritating application should bo used for two weeks 
following the treatment. 

It IS inadv isiblo to attempt to ndiiiinislcr treatment to a child under 
four or five vears of age, owing to the difiicuUv of keeping it quiet Ihcre 
are, of course, ovcoptiom, ns often }oiuigcr children can bo irndinted 
successful!} 

The bnir should bo clipped cloic This wot onl} pennits of onsior 
marking, but allows the full amount of ra} administered to n icli the lonlp 
(The hair, if tluck, filters out n definite amount of ra} ) Also, all iciba 
and crusts should be softened and removed with vnsdin or a non imtat 
mg soap and water 

Technic Marhing — Jlcisuro from tlio anterior to thi posterior hair 
line, subtract 10, divide the remainder b} 2 Tlio quotient will give the 
number of inches inside tho anterior and posterior hair lines, that 1 * 1 , 
the frontal and occipital points, and the measurement between the e two 
points should l>o 10 inches A point midway between these m the median 
line will mirk tho crown point ireisurt downwiml from the crown point 
5 niches on each side for the pinctnl point hero tJicn should he cxactl}* 
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5 irclies Lttwetii all points The tiicumferencc of the head should raeuii, 
lire 20 inches 

For example, suppose tlie distance trom hair line to hair line is 14 
inches Subtract 10, which lca\cs 4 Di>idc this bv 2, which gi\cs 2 
inches the distance from the antenor and posterior hair lints The 
frontal point will he 2 mehes po^tenor to the anterior hair Ime and the 
occipital point 2 inches interior to the postenoi hair lint The distance 
betucen these two will be 10 imhcs Ihe mirker above referred to ob\i 
ites the necfsaitj of luahing those mtasunments 

In omo cases the distaiiio from hair lino to hair line will be found 
to be exactly 10 inchi In such an titnt the anterior and posterior hair 
lim s will coincide w itli the frontsl and oteipital points 

Again it oeeasionsllj happens thnt the circumference of the head will 
meisure 10 or 31 inches In such cnscs *4 should bo added or sub- 
tracted from the 5 inches between points 

lines are draivn joining each point, which will divide the scilp into 
four triangles This will bo found of greit advantogc m dptenniuiDg the 
on^lo for each point of expo ure, whnh must be at right angles to every 
other point 

Exposure — ^Having detenmued the exut points the procedure is a« 
follows with the child Iving on ibc back, the hcid is turned to one side 
so that tho lino of the chin is on a level with the shoulder The face bo 
low the hair line is covered with lead foil \n epihting exposure is 
pven to the parietal point flie head is then turned to the other side and 
the opposite pirietal point is exposed Lying widi the face upward and 
hielded with lead foil tlie frontal point is next exposed Then with 
the child Ijing on the abdomen and resting on the chin the crown point 
is exposed Tho head is then tilted forward so that it rests on the fore 
head and the occipital point is irradiated Lead foil is placed over 
the back below the hair line 

Although V vrioiis distances and other factors are used the following 
used at th< \aiiderbilt Clmic will be found convenient spark gap b 
indies t miilnmperes, b VI inch distance and 1’' minutes time This 
will give 1 skin unit, an exposure sutBcient for epilation 

approximately the end of the third week the hair will begin to 
fall and the scalp will be depilated at the end of the month The hair 
Will begin to grow again n from one to two months In from four to five 
months it will have entirely returned If there is not a new growth of 
b ur at the end of «ix mouths there will be permanent alopecia 

After a scalp has received treatment it is well to wash the head three 
or four tunes a week with soap and water, and, when the hair has fallen, 
to use a mild parasitic ointment A linen cap should be worn during 
the time dpfluvium occurs 

All fallen hair should be burned to prevent infection of others 
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Kcuiritncc is umisnal, but if there should he n reinfection, a second 
depilation should not he done for at least five or six months 

1 aiuk — This condition is more resistant, and it is froquenth ncccs- 
eaiy to depilate n second, or even a tiurd, time before a complete cure 
IS effected The same technic is employed as in tinea tonsurans 

Blastomycosis and Actinomycosis — Tirndntion proliald^ is snpenor 
to anj other form of treatment for both these rather uncommon condi 
tions Where the lesions are situated on the skin, unfiltcred radiation will 
give sufficient penetration to eradicate the condition, Imt if the deeper tis 
sues are involved, hotter results will doubtless he obtained if a filter of 
aluminum of from 1 to 3 millimeters is usevl, depending upon the depth 
of the lesion beneath the surfoce 

In superficial lesions from one to three inteiisivo exposures of iy_ to 
2 skin units arc given at intervals of from four to six weeks Not in 
frequently i single trcitmcnt is siifiicicnt to cau»o disappearance of the 
disease, hut even in such a ease, a second exposnro is advisihlc ns a pro 
phjlactio measure 

In tho treatment of lesions situated in the deeper structure*, 2 to 2^4 
filtered units should bo sdministcreil 

Pruritus — The antipruritic action of the \ lav is often remarkable 
m dermatological conditions This js especially true m tho pruritus of 
oeztim psoriasis, and litlicii plimia, the severe iteliing often bciiio 
relieved before any manifestation of involution of the disease This 
miY lit nr probahlv is due to the effett on tho terminal nerve 
filaments 

Pruritus Am et Vulvse — bitisfattory and even brilliant results arc 
obtained by irradiation, and m practicallv every case at least temporarv 
relief can be obtained This relief will last from a few months to a vear 
or more, and in a proportion of the eases will be permanent after one 
course of radiation Treatment should not be instituted until all pos 
siblo causes have been investigated and eliminated ^Vhcn the anus is the 
(inlv site of pruritus, the patient *liould lit on the abdomen linldinir the 
buttocks apirt with the hands If, for any reason this is impossible, ad 
hcsivo strips mav be used When both the amis and vulva or scrotum 
nro involved, the patient lies on the back, the knees and thighs flexed 
In women, tho region is divided into two areas, and two exposures arc 
made, first centering the tube at tho anterior part of the vulva, and then 
centering it at tho anus Tho thighs and portions not being exposed shoulif 
bo protected with lead foil 

If the scrotum is involved it will bo ncccssarv to rav the anterior 
and posterior surfaces separately To expose the anterior surface, the 
scrotum IS allowed to rest on a sandbag placed between the thighs, the 
penis being held on the abdomen lead foil is used to protect all siir 
rounding skin not being irradiated In irradiating the scrotum, care 
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must boi exercised to avoid if po&siLle, producing a teniporir\ 
stenliti 

Ihero are two metliods of treatment fnctioml and intensive If the 
latter is employed, 1 skin unit slionld lit given everj four weeks It is 
neither ncce«sary nor advisable to produce in crvthemn This method is 
not advised, and better results ar usnallv obtained bv tbe fractional 
method of treatment One-quarter skin unit is given weekiv until a total 
of 3 skin units has been given if a satisfactorv result has not been ob- 
tained before Tbe author has obtained the best results bv the follow ing 
method 

The first vvetk an exposure ot skin unit is given the second week 
J kin unit and for the third, and subsequent exposures skin unit, 
given weekiv until a total of J skm units has been administered If at 
the end of SIX treatments no iinpruvmeiit has taken place it is best to 
discontinue the treatment bv X rav 

Recurrences should be treated m the same manner as the original 
condition 

Keloid — The remits obtJiiud m tiu tn itmeiit ?i keloid bv \ rav 
are m moat instances verj gratifving The earlier tbe treatment can bo 
instituted after the development of the keloid the more sUisfactorv will be 
the result and the less tnatment required 

In organized and tluckencd scirs tbe treatment is necessarily of long 
duration sometimes a vear beiii^ lequired it a good cosmetic result is to 
lo obtained In irradutnv this condition it is important that an erythema 
should never be produced 

Technic — Tlu nomnl skin must le protected to the vcr\ cilgo of 
the keloid On beginning the tnatment it is advantageous to cut from 
lead foil a pattern outlining tbe lesion This is kept for the individual 
ca e and affords a means of accurate measurement of the improvement 

Where tho condition is recent unfiltered r iv is u ed and a subeiy thema 
exposure of 1 skin unit is administered everv four nr five weeks TOicn 
the condition is of long standing or is iibrous in character a falter of 
from 1 to 3 millimeters of alnmimim mv> be used to advantage and an 
exposure of from to iy_ filtered units administered every four to 
five weeks 

In tbe negro it is particnlariv important that no more tbin a sub- 
erythema exposure be given, as repeateil ervthemas are likelv to result 
in depigmentation 

Dermatitis Papillaris CapiUittu or Acne Keloid —In the either or 
papnhr stage imfiltered rav mav bo emploved and the disei e aborted, 
siiberythcmi exposures of 1 skin nnit being given every four weeks 

In the later stages where the keloidal condition Ins developed better 
results wall be obtained bv employing a filter, tbe teclimc lieing tbe same 
as for keloid 
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Recurrence is imusiia?, but if there should be a reinfection, a second 
dcpilatiou should not be done for at least fi\c or months 

Faius — This condition is more resistant, and it is frequenth necos- 
«nr^ to depilate a <5ccond, or c\cn t third, time before a complete cure 
js effected The same technic is emplojod as lu tinea tonsunns 

Blastomycosis and Actinomycosis— liradiation probabK is superior 
to an\ other fonn of treatment for both tho^ rither uncommon cocdi 
fions 'WTiere the lesions are situated on the skin, unfiltcrccl radiation uill 
pive sufficient penetration to eradicate the condition, hut if the deeper tis 
sues are imohed, Letter results uill doubtk s he obtained if a filter of 
aluminum of from 1 to 3 millimeters is used, depending upon the depth 
of the lesion beneath the surface 

In superficial lesions from one to three lutensno exposures of m to 
2 «km units arc gi%cn at intenals of fiom four to six necks Not m 
frequently a single treatment is sufficient to ciuso disappeiraiicc of the 
di ea«e, hut eien m such ^ case, a second exposure is adiuable as a pm 
phj lactic measure 

In the treatment of lesions situated m the deeper structures, 3 to SV4 
filtered units should bo administered 

Pruritus — The antipruntic action of the i. lav is often remarkable 
in dermatological conditions This is especially tnio in tho pruritus of 
rczcmi psoriasis, and lichen plaims, the scicrt. itchiug often being 
relieved before snv manifestation of inrolution of the disease This 
niav be or probibls is due to tlie effect on tho terminal nerve 
filaments 

Pruritus Am et Vulvas — featisfictory and even hnlhaut results arc 
obtained by irradiation, and in practically ererv case at least temporarv 
relief can be obtained This relief will last from a few months to a vear 
or more, and in a proportion of the cases will be permanent after one 
course of radiation Trcafincnt should not be instituted until all pos 
sible causes have been investigated and eliminated When the anus is the 
nnlv site of pruritus the patient should lie on the ibdoincii, holdiii- the 
buttocks apart with the hands If,^ for anv reason, this is impossible, ad 
hesive strips mav bo used Wien both the anus and Vulva or scrotum 
are involved, the patient lies on the back, the knees and thighs flexed 
In women, the region is divided into two areas, and two exposures arc 
unde, first centering the tube at the anterior part of the vulva, and then 
centering it at the anus Tlic thighs and portions not being exposed shoulcf 
be protected with lead foil 

If the scrotum is imolved it will be neccssarv to rav the anterior 
and posterior surfaces separateh To expose the anterior surface the 
acrotura is allowed to rest on a sandbag placed between the thighs, the 
penis being held on the abdomen Lead foil is used to protect all sur 
winding skm not being irradiated In irradiating the scrotum, cwo 
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four treatments of filtered radiation, the treatment being instituted im 
mediately after electrocoaguHtion or operation 

It IS best to expose three small areas on each side of the jaw, extend 
ing from the symphjsis mentis to l)e>ond the ramus of the mandible to 
134 to 2 filtered units everj four weeks for three or four exposures This 
IS imperative i£ there la evidence of ^andular involvement 

Melanoma — This condition can usually be caused to disappear after 
three or four intensive treatments with nnfiltered radiation If, after the 
fourth treatment, the -condition persists other means should be emplorod 
It has been the authors custom to appl\ the rav to three concentric 
areas having the lesion as their common center In order to accom 
plish this uitliout danger of overlapping three pieces of lead foil at 
least 6 inches square are used In the first of these is made an open 
mg just large enough to include the lesion In the econd the opening 
IS made to include the lesion and half an inch of the surrounding healthv 
tissue In the third the opening should be imdc 1 irge enough to include 
the lesion and 1 inch or more ot the surrounding tissue The piece with 
the largest portal is first placed so that the lesion is at its center, and 
an exposure of 1 skin unit is given All tissue except that m the area 
being treated should be covered by load foil The medium sued portal 
18 next placed around the lesion and from to 3^ skin unit given The 
smallest portal is then placed «o as to expose only the lesion and t/k to % 
skin unit IS administered 

In this way the lesion receives from 2 to skin units the amount 
given depending on {he location of the lesion and the age of the patient 
A second treatment is administered after the ervthcma has subsided, 
which will be at the end of five or six week« and a third and fourth ex 
posure after like intervals The patient should then report for observa 
tion every month or two for one vear and further treitment be given if 
any tendency toward recurrence is noted 

Acne — Probably there is no condition which responds more favorably 
to X ray treatment nor in which more absolute technic is required than 
acne One must bear ni mind however the danger of overexposure either 
in excessive individual exposure* or m prolonging the treatment to an 
excessive number of exposures Properlv selected cases with accurate 
application of the ray and proper constitutional treatment will result 
m a cure in about 95 per emit of the cases The fractional method is 
employed 

Techmc — The patient is placed m the prone position with lead foil 
protecting the eyebrows evelashe* and hair The head is turned to the 
side, the chin being placed as nearlv as possible on a line with the shoulder 
^Vith the anode centered over the highest point (usually the zygnma), 
exposures of skin unit arc given at weekly intervals to each side of 
the face and if there aro numerous active lesions of the chin and fore- 
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Epithelioma — In the basal cell t>pe of epithelioma, cures aye effected 
in about 95 per cent of the c.ises, and recurrences are rare if tlie amount 
of radiation has been adequate 

Technic — Curettage of the growth before radiation is advisable in 
order to remote the bard pearly border which is usually present, as the 
reznoral of this permits the raj to penetrate more dceplj and more 
effectnelj The arei is covoied with a piece of lead foil in which an 
opening has been made sufficient to frpose the lesion and from 14 to V, 
inch of the normal surrounding tissue This is necessary in order to 
affect the cells which may lie bejond the peripborj of tbe lesion The 
area is given 2 to 21/. skin units After ten davs an crjthenn appears, 
which lasts from ten davs to two wttks and gradinllj disappeirs, the 
time depending, upon the seventy of the erythema Ihe appearance of 
the crvthema is an indication of tbe inhibition of the tissue i.Npo«ccL As 
soon as the ervtliema has subsided, which is an indication of the rccoverv 
of normal tissue elements (usualh 10 from four to si^ weeks) a second 
exposure is given If all evidence of the disease has disappeared, the 
second exposure should be of less mtensitv tlnn tbo first, that is from 1^1 
to 1')'4 skin units If, howertr, there is still evidence of disease, the 
second exposure should be of the sime intensity as the first This iisuallv 
IS sufficient to effect a curt Caie must be oxertised in the treatment of 
this condition, as too frequent or prolonged radiation will so inhibit the 
normal tissue as well as the pvthological, that a chronic third degree 
radiodermatitis will result If after v third or fourth irradiation a curt 
h IS not been obtained, it is best to employ sonic other means of treatment 
The patient should be kept under ohiervatioii for a vear, and furtlier 
treatment administered if there is any sign of recurrence 

Prickle cell or Squamous cell Epithelioma — Tins condition mav octur 
on the skin, mucous membrime, or mncocutaueoiis junction If this tape 
18 recognized m the earl> stage, it mav yield to radiation if prompth 
and mtensivelv treated, but on account of its tendenev to metastasize, if 
not diagnosed and irradiated earlv, the neighboring glands mav have be- 
come affected 

The technic of this treatment is tho same as that outlined for the basal 
cell tvpe except that lesions on the vermilion border should be exposed 
to only 13^ to 2 units, since the nuiotwj is mon. tjsily affected than is 
the skin 

Unless there is marked improvement after the first treatment, siirgcrv 
or electrocoagulation should be tmploved This is cspeciaBv true of 
lesions of tbe vermilion border, which are apt to be particularly diffi 
cult to control, and winch from the arran,,einent of the lymphatics, show 
early metastasis to the snbmaxillarv glands 

^tTiether the lesion be treated by eJectiwoagulatioa or sargcij it is 
wise to expose the affected area and the submixilhn region to three or 
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four treatments of filtered rtdtation the treatment being instituted im 
mediately after electrocoagulation or operation 

Jt IS bf-st to expose thric maJl areas on each side of the jaw, extend 
mg from the 8jTnph\ais mentis to beyond the ramus of the mandible to 
144 to 2 filtered units everv four weeks for three or four exposures This 
IS imperative if there is evidence of ^andular involvement 

Melanoma — This condition can usuallv be caused to disappear after 
three or four intensive treatments with nnfiltcred radiation If after the 
fourth treatment the condition persists, other means should be employed 
It has been the autlior s custom to appiv the rav to three concentric 
areas having the lesion as their common center In order to accom 
plish this without danger of overlapping three pieces of lead foil at 
least 6 inches square are used In the first of these is made an open 
mg just large enough to include tho lesion In the second, the opening 
IS made to includu the Usion and half an inch of the surrounding healthv 
tissue la tlie third tho opening hould be made large enoUj,!! to include 
the lesion and 1 inch or moro of the surrounding tissue The piece with 
the largest portal is first placed so that the lesion 1? at its center and 
an exposure of 1 skin unit is given All tissue except that in tho area 
being treated should be covered bv lead foil The medium sized portal 
IS next placed around the lesion, and from J/^ to ^4 skin unit given The 
smallest portal is then placed so as to expose only the lesion and % to 
skin unit is administered 

In this waj the lesion receives from 2 to 2t/, skm units, the amount 
given depending on the location of the lesion ind the age of the patient 
A second treatment le administered after the ervthema his subsided 
which will be at the end of five or six weeks and x third and fourth ex 
posure after like intervals The patient should then report for observa 
(ion ever) month or two for one war and further trcitment be given if 
any tendency toward recurrence is noted 

Acne — Probably theri^ is no condition which responds more favorablv 
to X rav treatment, nor m which more absolute technic is required than 
acne One must bear in mind however tho dangtr of overexposure either 
in exce «ive individual exposures or iti prolonging the treatment to an 
excessive number of exposures Properly selected cases with accurate 
application of the rav, and proper constitutional treatment will result 
in a cure in about 95 per cent of the cases The fractional method is 

employed 

Technic — The patignt is placed m the prone position with lead foil 
protecting the eyebrows, evelashes, and hair The head is turned to the 
s^e, the chin being placed as ncirly as possible on a hue w itb the shoulder 
v'lth (he anode centered over the highest point (usually the zygoma), 
exposures of t/4 skin unit are given at weekly intervals to each side of 
the face and, if there aro numerous active lesions of the chin and fore- 
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bead, nn additional elm «mt n> given to tbe front of the face at bi 
xveellv interval , tbe tip of tbe no e being n ed as a centering point 
U'^nallv emteen expo nres tviII bt tolcnted, nud as a rule an. euftieient 
to effect a cure The fir-t eridcnee of clinical iniimi\Tmeiit will not be 
noted until 1^4 to 1^4 units hare been given avbicb ■will l>e iii from five 
to «is wcel" Tbe «lin mu t be watebed oircfiillv, and if there is marled 
drvnc«s it is an indication for le ^enmg tbe intciisita of evpo lire, or dis 
coatiiming treatment for one or two wecl*s 

All ea«es bould be carefnlh watched for tbe ■slightc'^t cMdenei of 
era*tbema and at tbe fir't mi picion of its appe irinee treatment «haiild 
K su pended for one or two week This can be detimnned bv contra t 
in ob erving tbe area alKuit the eaes where the protected and uiiprotecfed 
«kin merge Also the km «boiild be watched for evidence of atropliv, 
which will first be noted on tbe cbm and al>oiit tbe comers of tbe month 
At tbe •slightest evidence of tlu«, treatment should imincdiateh lie dis 
continued 

During X nv treatment it is inadvisable to u«c an> stimulating ap- 
plititinu« such as lotia alba, sulpliur, etc, but nn ouitnient of rmc ovid 
in unguentum aqua; lostc mar l<e applied to ndinnfice The affeited 
part bould be wa«lied dailv with «oap and warm water Circful regula 
tiou of the diet is important Fried food*, p\str\, oiiidv, and all rich 
foods should Ik? elmuuatcd The IkiwoIs «bo«ld be reguhtoil making Mirc 
of a movement each dav The diet «bould be m.iintniued for at leist «is 
mouths after the la«t treatment 

If after tivi. or weeks «ati factoid results arc not obtained, or if 
the Ic ions are niarkcdh indurated, it is well to u e a filter of 1 millimeter 
of ilumimmi, admiiiisteriiig filtered unit ( ec Filtered Lia ) cich week 
for two or three week« then *4 filtered umt everv two weeks for two trcit 
rnent®, and tlien ^4 “km unit unfiltered 

C 1 / fic antf Pustular Tt/jK — The pu tuUs should U evacnitcd and tbe 
routine treatment of ^4 unit guen neekh In this ta-po of aene good 
n lilts are obtained bv tbe n«« of vaecuics m connection with X rav 
trcifments. 

IVheu the che t and back are affected the «ame procedure is advi ed, 
three areas being snflinent for the entire Inek. The anode is centered o\cr 
the outer edge of eaeli ®capn!a for the upper back. For the lowir back 
one exposure i« u ed, the anode King centered over the «pme at the level 
of the lower border of the nba. 

Recurrences do occur, but onlv m a small percentage of tlie ca cs. 
They are u®nallv mild and respond reidili to a «econd course of radia 
tiou, the time required and the amount of riv uecc «arv Lciiig less. If 
a prompt response is not observed, it is nnwi®c to per«i«t 

Sycosis Vnlgans — Probabli no di ia«e will tiv the mgeniiitv and 
patience of tlic radiotbcrapeuti®t more thin will sico i , for the di tasc 



COAirUTING \TIA\ INTINSITl OR DOSAGE 617 


will often pro^e most resistant, and it is frequentlj necessary to depilate 
m order to effect a cure 

As it IS sometimes not netessaiy to depilate, it is well to begin with 
fractional e-sposiires of 1/4 skin unit once a week for fire or six weeks 
If, at the end of this time there is no improvement there remain two 
alternative methods First, exposures of a filtered y_ skin unit at weekly 
intinals mai effect a cure Second depilation mav be neces^in If the 
latter method is employed, extreme cnution must be used m order to pre- 
icnt a permanent alopecia It is of equxl importinco that even a mild 
degree radiodcnnatitis should not result is this would be followed later 
by atrophj ind telangiectasia In order to produce a deflnvium, 5/16 «kin 
unit should bt given once weeklv for four exposures From one week to 
tea dajs after the la«t treatment the hair will usually fall 

Technie — When the diseisc is limited to the bearded region, ex 
posures are given to five areas. The patient s position is the same as m 
acne 

1 Center ju«t below the zvgonia each side 

2 Center just below the angle of the jaw on each side of the neck 

8 Tilt the head backward and center ju<t below the chin in the 
median Jine Giro must be used to prevent overlapping and it mav be 
advantageous to cover with lead foil or lead rubber the, parts not being 
treated It is imperative that no irritating drugs be used for two weeks 
before during, or two weeks after Ihc treatment 


When depilation is complete, a mild ointment of immoniatcd mercury 
(3 per cent) may be used 

In the treatment of sjcosis of other haiO regions, such as pubis, 
axilla, eyebrows etc, the exposures ire the same If the ejebrows are 
affected it is advisable to cover the evehds with lead foil 

Hyperidrosis and Bromidrosis — Beneficial results cm be obtained in 
this discomforting condition by X ray treatment It must bo borne m 
mind that it is only the sweat glands which must be affected and that 
under no condition must a complete atrojdiy of these glands be produced 
Usually there is a decrease in the excessive secretion of the glands m a 
short time and it is at this pCTiod that caution mu«t be exercised in 
order to avoid carrying the treitment beyond the point of safety 

Technic — ^Either the fractional or suberythema method of treatment 
he emploved, at the discretion of the operator If the fraction il 
method is chosen, exposures of *4 skin unit are administered every week 
^>th a total of not over 1 skm unit in four weeks If the siibciythema 


o^sure 19 employed, 1 skin unit repeated in four weeks is advised 
If the h inds are affected each hand should bo irradiated stpariteh 
the anode being centered at the hipest point that is the thenar eminence 
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head, an additional skin nmt is given to the front of the face at bi 
Tieckl;^ interval , the tip of the nose being used as a centering point 
Usualh sixteen exposures will he tolerated, and as a rule are siifBcient 
to effect a cure llie firat evidence of clinical improvement will not be 
noted until to IVl wmts have been given, whieli will be m from five 
to SIX weeks The skin must be watched carefiilh , and if theru is marked 
drvness it is an indication for lessening the inteusitv of exposure, or dis 
continuing treatment for one or two weeks 

All cases should he carcfuHv watched for the slightest evidence of 
erythema, and at the first suspicion of its appearance treatment should 
be suspended for one or two wedcs This can be determined contrast 
in observing the arei about the eves vrhere the protected and unprotected 
skin merge Also the skin should be watched for evidence of atrophv, 
which will first be noted on the chin and about the corners of the mouth 
At the slightest evidence of tbn, treatment should iramediatelv ho dis 
continued 

During Xiay treatment it is inadvisable to use nnv stimuhtiiiff ap- 
plications, such as lotia alba, sulphur, etc, hut an ointment of zinc oxid 
in ungueutum nqiiaj ro»aj may be applied to advantage Ilic affected 
part should be wa^hod daih with soap and warm water Careful rcgula 
tion of the diet is important Fried foods, pastrv, cindv, and all rich 
foods should bo eliminated The bowels should be regulated, making sure 
of a movement each daj The diet should he maintained for at least six 
months after the last treatment 

If after five or six weeks satisfactorj results are not obtained, or if 
the lesions are markedlv indnnted, it is well to use a filter of 1 niillimeter 
ol aluminum, administering filtered unit (see Filtered bav) each week 
for two or three weeks, then filtered unit cverj two weeks for two treat 
ments, and then y\ skm unit iinhltercd 

Cyttic and Pustular Ti/jv — Tlie pustules should bt, evacuated and the 
routine treatment of y^ skm unit given weekly In this tvpe of acno good 
results are obtained hj the use of vaccines in connection with A- raj 
treatments 

AVhen the clie&t and back are affected, the samo procedure is advised, 
three areas being sufficient for the entire back The anode is centered over 
the outer edge of each •scapula for the upper back For the lower back 
one exposure is used, the anode being centered over the spine at the level 
of the lower border of the nbs 

Eecurronct s do occur, hut only m a small percentage of tho ca-ses 
Thej are usuallj mild and respond readilj to a second cour&c of radm 
tiOD, the time required, and the amount of ny necessary being W If 
a prompt response is not observed, it is unwise to persist 

Sycosis Vulgaris — Piobablv no disease will tax the iiigenintv and 
patience of the radiotherapeutist more than will svcosis, for the disease 
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m which ca'cs, to all lIiiuciI appearinces parallel, show greater diversity 
of results when treated in the same manner 

^\hether this is because of the resistance of the patient the tjpe of 
cancer, or the degree of malignancy of the growth is not dearlj under 
stood, but it lb iinncrsillv recognized Ewing recently gave the results 
of his experiments with A.ra> on the cancers of two nts fir as 
it was possible to determine b\ both macroscopic and microscopu examina 
tion, the growths were identical in both animals vet that of one was 
not destroyed by several tunes the amount of rij ncccssarv to cause the 
death of all cells m the other This M.ems to indicate that some tumors 
art, more resistant than others, and probablv accounts for the widelj di 
similar results m cases treated along parallel lines and leads one to 
question the statement so pomliyelv mide bv certain of the foieigu m 
vevtigifors that the ‘lethal dose for cvrcinomn is 110 per cent of an 
erythema dose 

llany cases of carcinoma have been clinicallv cured bv X ray (and 
after five or more years have shown no evidence of rtcurrence) One such 
cave 18 still well although the last treatment was given ten years a^o A 
better understanding of the methods of trcitmcnt and improved technic 
are giving a greater number of brilliant rtsults, and warrint the hope 
that the problem mav soon be solved At the present time re ults are 
not sufficiently uniform to yustifv the contention of the most enthusiastic 
advocates that X rav is the last word in the treatment of carcinoma, 
and that surgery should be discontinued in all ca«<.s In inoperable con 
ditioni the use of tho rav offers positive relief of the svmptoms, probable 
prolongation of life and perhaps regression and clinical cure 

In operable cases probably the most ifticient treatment and that of 
fcniig the greatest possibility of a liappv outcome consists in preopen 
tiro radiation to inhibit the tumor cells and to minimize the danger of 
diaaPDiraation bv operative profcdure nditil surgical rcrnoval of the 
tumor within two to thne weeks and pjstoptrative radiation as soon 
after as possible in order to destroy any colls that may have escaped the 
sur,,pon’s knife * 

One of the greatest stumbling blocks in malignancy is the problem of 
metastasis Cases in which the most gratifying results in thu local lesion 
are oitained within a few months after opiiatioii frequentlv how wide 
spread metastasis espeeiallv to the bones Preoperative radiation has 
seemed to reduce the likelihocMl of such an unfortunate outcome, and as 
surgeons begin to realize its advantage and employ it more widely doubt 
less a decided adyance will be raide 

In order to perm t the u c of the f»t hofh t fore a d after operat on without 

s f t m picric acid prep r t on of the e i " c 1 field i « dvocated n»tea 1 f 
VI 1) cl lor d of tnercurv and lolia preparat on ueiially mplojed (ste Contra ndi 
MUlDu-8) 
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on the flexor surface, and at the metacarpal phalangeal junction for tho 
extensor surface 

In irradiating the feet each foot should he exposed, the plantar sur 
face being divided into two areas, and the unexposed area being covered 
with lead foil The dorsal surface is next exposed Centering just 
posterior to tho metitarsophalangeal articulation, % shin unit is ad 
ministered to each area 

In hjpendrosis of the axillse caro must be taken to avoid too marked 
pigmentation, cspociallj in the female, which mav persist for several 
months and often cause much annovance If the fractional method is 
cbosen, % skin unit weeUv may be administered but if the suberythcraa 
exposure is given, it is suggested that % skm unit be given and repeated 
in four weeka 

Bromidrosis, which is usually associated with Iivperidrous, can be re 
lieved and frequently cured bv the use of X ray, the technic being the same 
as that outlined for hjperidrosis 

Hypertrichosis — ithout doubt there is no condition which tho radio- 
therapeut st is more often called upon to treat than this While treat 
ment has often boon undertaken, and while at present new technica are 
being developed both in the United States and m Europe, until more per 
ftet methods are developed, or the present experiments arc more fiillv 
perfected, it should, in the author’s opinion, neither bo advised nor under 
taken 

In order to produce a permanent alopecia it is necessary to cause a 
complete atrophj of the hair follicle The sebaceous and sweat glands 
are less highlv organized and more superficial Therefore m producing an 
atrophy of tho hair follicle, it neccssanlv follows that there will bo pro 
dueed also an atrophy of these glands, with loss of elastic tissue, which is 
sure to be followed in from six months to n year bv wrinkling and 
telangiectasia This unfortunate result, not being immediate, gives no 
warning From tho medicolegal standpoint, neither a signed contract 
with the patient nor a warning of tho untoward results which mav follow 
will protect the radiotherapeutist from legal complications 

WnE^ Filtered Kadiation Ma.y Be Used 

Carcinoma — PcrLips the greatest field for X ray thenpv, and ctr 
tamly the one that at present is holding the most widespread attention 
among phvsicians and laity alike, is that of carcinoma Jlorc expen 
mental and research work is being done m the effort to find a dependable 
cure for this disease than for any other condition, and surely no other 
field holds so manv brilliant promises, and at the same time imposes such 
discouraging and unforeseen obstacles There is no branch of pithology 
in which the individuality of each case is more clearly demonstrated, noi 
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contrast to tlio 110 per cent needed to destro> carcinoma Therefore it 
would seem that a cure of this condition b> X radiation should be easj 
and certain, and that the most hopelnl prognosis might «afel} be given 
Unfortunateh, such is not alw ns the cise, and a guarded prognosis must 
bo made because as in eircinoma, the dej,ree of malignancj of the growth 
and its individual resistance to irradiation, cannot be accurately estimated 
In general, the round and 8pindle<elled tvpes are more favorabh influ 
enced than are tho osteosarcomata and chondrosarcoraata a fact easilv un 


derstood m view of the difference m the histological structure the latter 
being composed largely of connective tissue Sircoma of the skin and 
lymphatic glands is usually amenable to irradiation That of the long 
bones even vhen recurrent after operation will frequently ‘fade away’ 
under this form of treatment 

When the growth is in the mcdi istiniim marked relief of tho sjmptoms 
and a temporarv arrest of the condition or even a regression in the size 
of the tumor, may often be obtained 

Vs in carcinoma, it is advisiblc if possible to remove the growth 
siirgKally Postoperative irradiation should alnijs be emploved Pre 
operative use of the X ray is advociteil and when such a procedure is 
followed if there is marked improvement m tb© clinical picture, and 
regression in the size of the tumor, it mav be advisable to continue this 
form of treatment and postpone operative intcrtcrence, the decision in 
this re pect resting with the surgeon At all times the closest coopera 
tion between the surge'^Q and the radiotherapcutist is e sential to the 
welfare of the patient 

Technxc — This is pnotieallj the same as that employed in the treat 
oent of the preceding condition 

Uterine Fibroids — Ev;cepting the pedunculated type and those in 
which the growth is at or above, the level of the umbilicus uterine fibroids 
can confidently bo expected to disappear or markedly diminish m size 
under X rav treatment The rcilnetion in the size of the tumor becomes 
notupabl>=- after the ccond soimtimes after the first trestment, and con 
tmues except for temporary enlargement during menstruation, until the 
niass can no longer be detected 

Tho menorrliagi'i usually accompanying n fibroid is as a rule con 
trolled after the first treatment, althoii^ in some ciscs the flow will show 
a temporary increase Premature menopause is caused which will be 
permanent if sufficient radiation has been administered but menstrua 
tion Will bo reestablished in from six months to two years if loss than a 
stcrilizinj- do«o has been given With the resumption of the mcnstnial 
epoch the fibroid mav again enlarge For tins reason the patient should 
be kept under observation 


If clinic — Using a 1 inch gap S milliampercs at 10 inch dista 
and filtering through 3 millimeters of aluminum 7 to 8 minutes expos 
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Tcclinic — The mctliod of treitmcnt -ttill differ according to tlie fjpe 
of radiation used, that is, wliethor the older 110,000 \oU imchine or the 
newer 200,000 volt ta pe is emplojcd 

Using the older nicthoil, the portals of ciitr\ foi the t'i\ are smaller 
in size, hilt more areas are imdiatod The section of the lodv m winch 
the tumor 13 located la duided into small nroia, 5 h\ 8 centimeters to 10 
bv 12 ccjituactcrs (2 hi 3 inches to 4 bi 5 inches), a border of Y, to 
inch homo left between the areas to prevent ovcrhpping Tho^o anas 
iisnallv include the entire tircnmfertnoc of the bodv Icid, or other 
siiitible protective material, is so plaocd that the Xn\ can rcicli onh 
the area to he irridiated Tliese poitals arc then c\po«ed m rotation to a 
maximum suborn thema filtered exposure, the ra\ King directed through 
eith portal toward the lesion, thus produemg n cross fin efftet, vvliicli 
enables the maximum amount of ra\ to teich tlie tumor without ciusiiig 
destruction of the supcrScia} tissues The operator ;n»st he vi inicd 
against too much cross firing, as it is possible to produce a dtep-siated 
necrosis without aiiv appirent ridiodcrmntitis 

Tho length of exposure of each nrci must varj with the fictors used 
(spark gap, milliampcrage, distaiici, filter) , but not over 2 to 2V4 fih<?rid 
units (four fifths of an orjthcma exposure) should b( given Thus, using 
a ^ inch gap 6 milltampcrvs, 2^ etnfuiiefers’ (10 inches) distince 1 
millimttors of ilumimim (filter), to 10 minutes* treatment cm be 
giv en to each area 

The number of areas irradiated at each session will var\ with tlie 
total number of portals to ho exposed, ami with the condition of thi pi 
tient Pour to six areis are umallj well borne, and sometimes more 
ma\ be tolerated Wherever it is possible the total ninnbcr of portil 
should receive treatment Within a week’s time, exposures being made on 
alternate dajs 

This procedure is repeated every four to five weeks for three scries, 
and again eight weeks after tlie third course of treatment. If pro.,rcs3 
has been satisfaetorj, radiation is discontinued, but tiio patient is kept 
under observation for one or two >ears, and at the first unfavorable indi 
cation, treatments are resumed 

Too long-continued treatments will lead to atrophv of the suhciit uicoiis 
tissues, telangiectasia, and even necrosis, so that, except in those casts 
where the gravitv of the situation demands heroic mcasiins, too man} 
series should not be given 

In emploving the 200,000 volt technic, a "depth dose” of 110 per 
cent of an erj thema exposure is administered to tho growth TJio niimbtr 
and size of portals used, and the amount of exposure given to each, varies 
with tho location of tho tumor 

Sarcoma — The estimated "letinl dose” when (he 200 000 volt technic 
18 used 13 "lO per cent to SO per cent of the orjthcmi exposure this in 
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contra'?t to ttc 110 per c^nt needed to destroy carcinoma Therefore it 
would seem that a cure of this condition bj X radiation should be easy 
and certain and that the tno«t hopeful prognosis might safelj be given 
Unfortunately, such is not alwaja tiie case and a guarded prognosis must 
be made, because, as in carcinoma tho degree of malignancy of the groyvtb 
and Its individual resistance to irradiation cannot be accurately estimated 
In general, the round and spindle-celled types are more favorably infiu 
enced than are the osteosarcomata and chondrosircoraats a fact easilv im 
derstood in \ipvv of the difference m the histologicil strncture, tho latter 
being composed largely of connective tisaiie Sarcoma of the skin and 
IvTOphatic glands is usually amenable to irradiation That of the long 
bones even when recurrent after operation will frcijuentlj ‘fadeaway 
under this form of treatment 

When the growth is in the mcdiaslinuro, matVed relief of tho symptoms 
and a temporary arrest of the condition or even a regression in the size 
of the tumor, may often be obtained 

As m carcinoma, it is advisable, if possible, to remove the growth 
surgically Postoperative irradiation should always bo employed Pre 
operative use of the \ ray is advocated and when such a procedure is 
followed if there is marked improvement in the cluneal picture, and 
regression in the sue of the tumor, it may be advisable to continue this 
form of treatment and po«tpono operative interference, the decision in 
this respect resting with the surgeon At all times the closest coopera 
tion between the surgeon and the radiolhenpcutist is essential to the 
welfare of the patient 

rec7iivic— This is practically the same as that employed in the treat 
ment of the preceding condition 

Uterine Fibroids — Excepting the pedunculated ty'pe, and tho e in 
which the growth 18 at or above the level of the umbilicus uterine fibroids 
can confidently be expected to di appear or markedly diminish in ize 
under 5 rav treatment The reduction in the size of the tumor becomes 
noticeable after the second, sometimes after the first treatment, and con 
tinucs, except for temporary enlargement during menstruation, until the 
mass can no longer be detected 

The menorrhagia usually accompanying a fibroid is as a rule con 
rolled after the first treatment, althou^ m oome cases the flow will show 
a temporary increase Premature menopause is caused which will be 
permanent if sufficient radiation has been administered but menstrua 
|m Will be reestablished in from six months to two vears if less than a 
on izing dose has been given With the icaumpbon of the menstTVial 
epoch the. fibroid may again enlarge For this reason the patient should 

bo kept under observation. 

, — Using 1 9 inch gap, 5 miUianiperes at 10 inch distance 

tcring through millimeters of aluminum, 7 to 8 minutes exposure 
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Techntc — The method of treatment Mill differ lecordm" to the tvpe 
of ndi-itiou need thnt i«, whether the older 110,000 lolt mncliine or the 
uewer 200,000 rolt t\pe is cmpIo^ed 

Using the older method, the portals of cntr\ for the rav are '>nnlIor 
m Size, but more areas are imdnted The action of the bodi m which 
the tumor is located is divided into ^mall flren«, "i In S centimeters to 10 
h\ 12 centimeters (2 b\ 3 inches to 4 In 5 inches), n border of i' to 
inch King left Ktween the anas to preicnt oierhppin^ These anas 
nsnalU include the entire eircnmfcreuce of the Imdv Icid or otlier 
smtahle prolectnc material, is «o pliced that the Xri\ cm rcich onlv 
the arei to be imdnted Tlicsc portals are then evposid in rotition to a 
nu'^ininm siibenthema filtered exposure the rii K iHq directed tliroiiji 
each portal toward the leaioii, thus producing a cro « tin effect, which 
tnaWes the nuviniiiiii amoimt of rn to rcith the tumor iriflioiit ciiisniff 
destruction of the snporfionl tissues The opentor unit he wimcd 
against too much cro«s firing, as it is possible to pmiliicc n diep-«ctted 
necrosis arithoiit jna appirent radiodcnnatiha 

The length of OTposurc of each area must \ in with the f ictors u ed 
(spark gap, imlhampernec, distance, filter) , hut not over 2 to 2^4 filhreil 
units (four fifths of an enthema exposure) should lx giien Thu«, using 
a 0 inch g-ip 5 milliamptrcs 2o centimeters’ (10 inches) dHtimcc, 3 
millimeters of ihimiuum (filter), 7*/, to 10 mmiitcs treatment cm bo 
given to each area 

The number of areis irradiated at cacb «ession Mill vnrv with the 
total number of portals to bo exposed and avith the ooiuhtion of the pi 
ticnt Four to six areas arc u uallv well Itome, and somctmics niorc 
raav be tolerated "'iVlierever it is po^ibfe the total miinKr of ]xirfds 
"should receive treatment avithm a weeks time, exposures being midt on 
alternate da%s 

Tins proeeditre is repeated everv four to file weeks for three 'cnf^ 
and again eight weeks after the third course of treatment. If progress 
has been satisfacton, radiation is di*!Continued, but the pitient is kipt 
under oh erntion for one or two >ear , and at the first unfavoriblc indt 
cation, treatments are resumed 

Too long-continued treatments will li id to atroplii of the suKnf uuoiis 
tissues, telangieota«n, and even necrosis that, except m those ca is 
where the graviti of the situation demands heroic measures, too manv 
senes should not be given 

In emplovmg the 200 000 volt technic, a “depth dose” of 110 pet 
cent of an ervthema exposure is administered to the growth The iiunilwr 
and size of portals n'sed, and the amount of exposure ^.iven to eacli, vanes 
with the location of the tumor 

Sarcoma — The eshmaftd lethal dov ’ when the 200 000 volt teebme 
IS used IS 70 per cent to SO per cent of the enfliema exposure, flits m 
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tUe raj, although, some operators adroeate there exposure, clauuiug that 
more immediate results are obtained Sit to ten series are usually suf 
fieicnt to overcome the condition 

For expo in^, the perineal area the knee-chest position is assumed 
Withcrbee has constructed a apeciaJ chair having the tube under the seat 
yhich greatly facilitates this treatment and is more comfortable tor the 
patient. Py his technic only the pcnneal art i is eyposed treatments be- 
ing given each week 

Tonsils — Fnlarged tonsih of the infected tvpt arc benefited bv \ rav 
treatment, thoir size being reduced to normal, the hypertrophied hmphoid 
tissue being destroved, and the pus cvaaiated from all the crvpts till 
tiircs made from them after completion of the tixatment are rcpcatcdU 
sterile, and the sjstcmic diseases produced bj infection from the di« 
ca«id tonsils are groatlj improved, or cured 

The effect ot the rrj is on the diseased Ijmphoid elements which 
are destrojed and replaced by connective tissue The contraction of the 
connective ti«sue fibers CTpreases the pus from the tonsil This being 
the case, no benefit results when radiation is applied to tonsils alrtadv 
fibrotic 

Usually SIT to eight trcitments are given at biueeklj intervals The 
svstemio condition as util as the recurrent sore-throats of which these 
patients ususlly complain, shows improvement after the second or third 
treatment the reduction in sue of the tonsils becomes apparent alter the 
fourth to sixth treatment The shrinking continues after treitment has 
been completed and it is not until after sit months that they icach their 
ultimate size 

Occasionally it happens toward the end of, or even after, the series 
that a white, glistening area will appear on tho tonsil having the appear 
ancf> of an absce s or patch This is due to the accumulation of pus m a 
buriwl crypt which tho contracting conne hve tissue is unable to express 
through the covering memlrane 

If left alone such abscesses will eveiituallv rupture but it seems ad 
visable to incise them in order to rid the economy more quickly of the 
infected material 


The objections to this form of treatment for tonsils, as advanced by 
tho profession at large, are manv and various, but are not substantiated 
l> facts 


Dai\ger lo Thyroid buhttuixillary fl/hf Parotid Glands — Sometimes a 
treatment will be followed within twentv four hours bv drvncss of the 
t roat and fauces which persists from a few hours to a di\ This ton 
uitiou IS not permanent, and there has not been reported a single ca«e 
properly treated that has suffered more than a very temporary dimmu 
turn in tho action of the glands 

If tho thvroid and parotid glands arc of normal size, they will not 
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IS gi\en to ench of four nrcns anterior, two over the uterus and one over 
cacli ovarj, and on tlie eecond daj following, to tarh of tlircc corre- 
sponding areas posterior Treitracnt is rcpeitcd everv four weeks 

With the 200,000 volt machine, a 35 per cent to 50 per cent enthema 
do c IS giieu Two portals, approximately 12 ccutuiietcrs square (5 
inehcs), arc utilized, one on each side of the median lino autenor 
Menorrhagia — As m the above condition, the results of A r ly trt it 
ineiit are uniformli satisfactory The same toohnic is employed, ond, as 
a rule, three or four series are sniBcieiit. 

The age of tho patient is a am important consideration If the tunc 
of tilt menopause is near, hastiniiig it need < lusc no concern, but in 
vouugcr woiutn, particularly where then is a desire to hoar children, it is 
adiisablo, if conditions permit to give only sufhcicnt ridintion to «top 
thi excessive flow without cvusin^^ a disappearance of the menstrual epoth 
No definite or fixed rule can he advanced ns a guide for the iium 
her of treatments necessary to accomplish this result Gtiicrilh, liow 
ever, after two successive menstruations have been mi««ed, tmtmcnt may 
he discontinued, but the patient should he kept under oilmen ation for sls 
er il months Treatments may ho resumed if indications warrant 

Chrome Mastitis and Fibromata of Breast — In chronic mastitis tlio 
pam and tenderness are quicklv relieved, and the induration disappears 
Fibromata graduallv dmunish in sue, and after two to four treatments 
can no longer he detected 

Tho breast mnv be divided into from two to four small areas or the 
entire gland exposed througli one portal, ac<ordmg to its sue, and the 
extent of tho involvement Using a *1 inch gap, C milUampetea, 10 inch 
distance, 2 to 3 millimeters of aluminum hltor, two fifths to four fifths of 
an erythema exposure is administered to each area every four weeks 
Prostatic Hypertrophy — Tho eirly relief from the frequenev of 
urination afforded by the use of X ray, reemumonds its u^e, especially m 
those ca«03 which are poor surgieil riaks The residual urine is qiiickh 
eliminated, and the patient is en iblcd to sleep through tho night without 
di comfort. The general health, winch m these cases is so uiidcmuncd 
by the lowered function of the kidneys improves rapidh I\bcn the 
enlargement of the prostate is the result of calcareous or fibrotic changes, 
no benefit will result from radiation, but the adenomatous tvpe will re- 
spond and umformlv good result«i will he oht lined 

Technic — Three areas are irradiated, two of which arc situated an 
tenorly just above, and to either side of, the svanplivsis pubes the third 
includes the entire perineum Using a 9 inch spark gap, 5 inilliampercs 
10 inch distance, and a filter of -i millimeters of ulimiinnin, an exposure of 
four minutes is given everv week as follows The two anterior areas 
are irradiated at the first treatment, one week later the perineal area is 
exposed It is advisable to protect the testes from the direct action of 
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Position of Tube — Tbc tiibt roust be *0 placed that tlie central rfl^ 
wi5! Btnbe tlie tonsil at ngbl angles Tins is roost important 

Exposure — Using a T ineli g»p o miHiaoiperts, 10 meh distance 
5 miUsmckre of abirainHJn a tlim. ond one-half tnmnte erpMure is gnea 
to each tonsil e\er\ tno weets for six or eight treatments In cases ^vlle^e 
adenoids are c'pociilU to be affected i third aren oC the occiput is radi 
atedcur’r other treatment 

Cases are occ’isionalU enconntcTed in •ahich irradiation even other 
ncek la impracticable Under aiich nivumstaKces the aboie method must 
be nltend ami ming an 8 uieli gip » luilliunporx'S lt>-inch distance 
and ft filler of 3 inillimeters of oluTOiironi an exposure of hvc minutes to 
each tonsil is midc hve ’nciks for two or tbr« treatments This 

incnased amount of exposure max be followed widnn twentx four hours 
hi an edemt of the phannx which will be fllaTroing to the patient unless 
he Jjis prciiousli b«R adused of the possibility of such a reaction and 
assured that it wiU bo transitorj and not serious 

Hyperthyroidism — Toxu exojhthihme j^mttr is in most cases ciirw! 
or markcdlv benefited bj radiotheripx The cxstic and colloidal tin roid 
arc not amenablo to this form of therapy amo© there » no glatidulxr 
hxpertropln, ond no toxtcosia 

In conjunction with X raj treatment frequent tests of tho patients 
bat'd metabolism should bo mwJ< as it is the. onl% ab olute indicition of 
the degree of tosicili, and consequent l\ the onlj atcuratt guide for the 
/rcii«eiic.\ and number of tieatmciits When this tost tevelies + 10 or 
if the rate shows 'i npid drop betwten tests tTeatmcnl should be dia 
coufinucd but the patient should lie Kept under observation for a year 
or two and radiation resumed if toxio symptoms reappear or tlie rate of 
basal metabolism shows an increase 

Tht first iniproyeinent noted ts a doctex e iti nervousness reduction 
of pulse rate and diminution of tremor Vt aliout the sxme tune the 
paliiiit begins to sleep better and there is loss sweating The basal 
inDtaboliira usuallj sboyvs a slight decrease but occisiomllv it will ro- 
tnam at its high level for some tinu. xfur the ehmeal picture indicates 
iinprovifzK’nt A gain in weight i» usaally noted carh 

The goiter is usually but not always nducctl m sire sometimes dis 
apisaniig a!to-,etlur The ixophthalrous is th? last and least affected 
simptini Frequently there is uo change but ax imtrilion improves and 
e-insattion disappears tho promtiicnce of the evebxfts ficxxunes few noticc- 
ab!c 

If treatment is earned too far myxedema will result and it is in 
order to aaoid this unfortviuato sequel that it w atlusablo to have a metab- 
oh«m ti'st made before each tmtment Vt*o by sbieMing the istiimu* 
and thug protecting it from the effects of the rav llie danger of hjpo- 
IS greatlv leastised 
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project into the field of e^posme, pro\i(letl the shielding is proporli placed 

Danger to Piluitanj Gland — ^This gluid is protected from the direct 
action of the ra\ b\ lead shielding around the area radiated, and const- 
quenth (.inuot bo injured 

Danger to t^hin and Hair — With proper shielding and technic, iii’uf 
ficient radiation is applied to cau«e mj damsge to tlic integument or iti 
appendages 

QueslionahU Dcsvlls — It js true that some cases hare not responded 
sa*isfactoril\ to irradiation, but bucli failures are due either to faultv 
tecnnic or to improper selection of cases ?for art 100 per emt perfect 
result claimed b^ the adxocates of this method, and there is nti other 
form 01 toiiail therapj, not excepting surgery, uherc 100 per cent cures 
are obtain®d. 

Length )f Time — This is a \alid objection to ibis form of treatment, 
and, m cases «bere immcdtntc elimimtionof the affected focus is essenh*li 
other measure- should be croplojcd 

On tho other hand, the benefit from the treatment is seen rclatirelr 
early, and in most cases the actual tune lost is ®niall TJie adiantagcs 
of this form of treatment mnj be bricfli summed up as follows 

1 Elimination o^ d ingtr of death from anesflicsn and postoperative 
hemorrhage 

2 Avoidance of th po'»8ibilit\ of himr abscess following tonsillw 
fomv 

3 In cases where 8iirg«.rj i$ contra indicitcd as m diabetic, hemo 
phihc, and cardiac condition* this method offers a sift and almost cen 
tain means of eliminating tons |Iar focal infection 

4 this method of trcati out not onlj the tonsils but the per* 
tonsillar tissue and pharjngeal adcLQids arc benefited 


Technic — Position — The patient a&siimcs tho prone position, hea 
turned to the side, resting on the ear, and slighth lowered to mcrea c 
the distance of the angle of the jaw firm tho nect The chin is ti te 
upward further to increase tins distance Thus wl have a site boun 
b\ the ramus of the jaw antenorU, tlie" anterior border of the steiW^ 
cleidomastoid muscle posteriorly and the level of the tip of the mastoi 
process superiorlv, through whicJi the ra\ will piss, not onl\ to the tbnsi , 

but to the peritonsillar tissue and the pharjngeal vault 

Shielding — opening 2*/4 by mebes is made m a sheet o ea 
foil at least 3/lG inch thick This is so placed that the tip of the mas o 
process projects shghtlv into the opening ai the center of the iip^r 
The anterior border is slightly anterior to the posterior bo^er o le 
of the jaw The bead, face, and shoulden are covered with lead p 
tective 
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of rcasrinablv good health It has been observed bv «oine authors that 
the ca«cs responding nio'it rapidiv to Xnv thcrapj are more prone to 
early rtcurrcncc, and in these the prognosis is least favorable 

The first evidence of improvement is a diminution in the size of the 
gland« This frequently occurs verv soon ifter the first treatment has been 
administered Cou^h, dvspuia and other indications of mediastinal 
presmre if present are the next to be relieved The discoloration of the 
skin 13 usually the last symptom to show improvement 

Teclimc — Some operators prefer to expose only the areas in which 
tliiro 13 q] indular enlargement tp^vin^ two btths to three-fafths of a filtered 
irv thoma exposure every four weeks Then, arc certain advantages in this 
method particularly vvhere it is nctvssarv tor patients to travel a consider 
able diatance for trcitiocnt and the fatiiiuc ot travel makes frequent tnps 
inadvisable The best result have been obtained bv dividing the trunk 
into twelve areas three arevs on esch side of the chest and abdomen and 
three on each side of the back and exposing three areas cverv third or 
fourth dav to onc-fifth of an crvthenia exposure Bv tins method the 
anterior areas are expo ed one week und tho posterior are is the next In 
this w IV each area is exposed onct everv two weeks It has not bten found 
necessary to direct the ray toward the enlarijed glands themselves and 
It has been noted that those l\in„ outside the areas radiated show the 
samo diminution m size as do tho c within 

Using a 0 inch gap ^ nulluinpores 10 inch di fanco with filter of 
8 millimeters of aluminum two and one half minutes exposure is given to 
each area 

Treatment must lx administered regwlarlv and continued except for 
an ofcasional rest until the clinical picture is normal Subsequentlv 
the patient must be kept under obsi n ilion, and treatment re&iimcd at 
the first evidence of recurrence of avmploms \^itli caeli recurrence the 
difficiiltv of controlling the disease mav be increa«ed, and the length of 
time between recurrences gradually dimini«hea until the patient finallv 
succumbs 

Leukemia — ka m the prccciling condition the Icukcnuas arc chronic, 
recurrent diseiaes vvhosi, termination is alwavs fatal but the progrc's of 
the disea e mvv bo temporarily arrested, and from a few months to two 
Wars of comfort and activitv added to the life of the patient by radio 
therapv One case has bicn reported in which the patient Iivid seven 
vears 

The white cell count is the guide for the amount of ridiation and 
number of treatments no radiation bting ijivcn after the count reaches 
to 000 

Technic — The treatment is nsiiallv diiected to the pleen and Ions 
bones, onc-twelfth to one-cighth of an ervthenia expo lire being given to 
tacb area everv two weeks Tho spleen la divided into twelve areas four 
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The thjmus is \ery frequently mvohed in hyperthyroidism Con 
sequently it is customary with most operators to expose it at each treat 
ment In many cases, instead of exposing the thymus, an area on the 
back of the neck, extending from about the fourth cerv leal to the second 
dorsal vertebra may be irradiated Results from this method have been 
equally satisfactorv, the effect probably being due to the action of the 
ray on tho sympathetic nervous system Before X ray treatment is in 
stituted, it is advisable that a careful examination of the patient be made 
to eliminate the possibility of a focnl infection or other uiiderlving con 
dition which mav be the causative factor, for no benefit will result from 
irradiation until such source of luftctton has been removed 

It IS a common belief that following X rav treatment of the thyroid 
there occurs extensive formation of connective tissue ‘ironnd the gland, 
whicli increvses to a marked degree tho difiiciiltv of subsequent opera 
tiou, if such procedure is necessary This contention is without sub- 
stantiation, by both experimental findings and the experience of the ma 
jority of operators 

In ease of hyperthvroidism associated with mcnstmal disorders, no 
benefat mav be obtained from irradiation of the gland With such pa 
tients, radiation applied to the ov-incs will frequently correct both the 
menstrual and thyroid trouble 

Technic — Using, an 8 inch gap, 5 milliampores, 10 inch distmce, and 
filtering through S millimeters of aluminum, 3 to 5 minutes^ exposure is 
given to each lobe of the thyroid and to one orea over the thvTOUs (or 
back of neck) every two or three weeks lor three or four treatments If 
after the fourth treatment, there is no improvement, the case is regarded 
as unsuitable for this form of thcrapv, but if the clinical picture shows 
satisfactorv progress, treatments are again resumed after two months, 
and a second stnes of three or four treatments is given It has aometimes 
been found neeessarv to repeat these senes several times, ®oine cases 
having required as long as two and one-half years to cure, hut usually a 
vear or less is sufficient 

When irradiating, the ovjnes, one-fifth of an ery thema exposure should 
be administered to each ov iry 

In patients whose toxicosis is extreme where collapse is imminent, 
X ray is contra indicated its administration being sometimes followed v 
death Such cases should be treated bv other measures m an effort to 
improve the patient’s condition sufficiently to permit radiation 

Hodgkins Disease —Although X rav thempv will not permanently 
cure Hodgkin’s disease it will so ameliorate the symptoms reduce the size 
of the glands, and improve the gmnmil condition, that months, or even 
years of comfortable and active life mav be afforded the patient n cas« 
with the most untavorable prognosis, patients have, as a result of trea 
ment, been able to return to their usual occupations and the enjovment 
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picnc acid or simple alcohol preparation, the aspiration of the e glands 
niaj bt ateomplishcd without interference nitli i. rar therap-y The in 
(.ision usinlh heals rapidh hut if dlfiIcnlt^ of closure i» experienced, 
a single exposure of the area to nnfiltered radiation will in most cases 
hasten rccovcrv 

Iinprovemeut is first noted in the lessening of the pain in the glands, 
later in a reduction m their size They become firmer, and e%cntuallv 
entirely disappear, or, when calcification takes place, onh a small stone- 
likc nodule remains 

Techmc — ^\ariou3 operators use different thicknesses of filter from 
1 to 5 millimeters of aluminum being advocated No material adran 
tage has been observed in anv definite thickness of filter but it has been 
the autlwra custom to ii^e 1 or ^ millimeters of aluminum and with 
an b melt up, 0 milliampcrea at 10 inch thstince to give an exposure of 
from two to four minutes overv three weeks Better results have been 
obtained by dividing the neck into small areas and exposing each area 
to this amount of radiation than hv exposing a single area including the 
one entire side of the neck Exposm^ the opposite side of the neck for 
the benefit of cross fire is advanta^^cous 

Using the 200,000 volt technic, a one^tliird ervtbema dose is admin 
latered once every three weeks 

Tuberculous Peritonitis — The benefit obtained from \ rav therapy is 
remarkable in this condition, improvement bein^ noted almost immedi 
atelv after treatment is begun The abdomen is divided into four areas, 
correspoiulmg to the quadrants and each week one-fifth of a filtered 
ervtliema exposure is administered to each of two areas 

Tuberculous Osteomyelitis — \ riv treitment of this condition fre- 
quentlv proves beneficial One fifth of an erythema exposure everv two or 
three weeks usually produces more «atiafactory results than more in 
tensive radiation less frequently administered The discharging sinuses 
soon heal and the progress of the disease is aircated, but regeneration of 
the bone is not to be expected 

Pulmonary Tuberculosis — kithough a great deal of investigative 
work with \ ray has been conducted in an effort to combat this disease the 
results hive not been uniform or, in mam cases even satisfactory Some 
patients have benefited greatly l*v this form of therapy which has many 
strong advocates The consensus of opinion is thit fractional exposures 
are superior to massive two arras anterior and two areas posterior being 
exposed to one tenth to one-fifth of a filtered ervthema dose everv other 
week 

Sinusitis and Mastoiditis — ^The use of \ rav in the treatment of acute 
and subacute sinusitis and ina&toiditis is coming into greater prominence 
as the benefits derived from its admini tration are more wideh appreei 
atod Cases characterized by pain over the affected colls and a constant 
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anterior, four lateral, and four posterior, four of which ire expo cd everj 
other daj during one ueek The following week the extremities are es 
posed, as follows On the first daj one area on the anterior and one 
on the posterior surface of each arm, and of each forearm is expo ed On 
the third dav three areas on the anterior surface of each leg and thigt, 
and on the fifth daj corresponding areas on the posterior surface arc 
irradiated 

It has been ohsenod fh*»t a tontmuanee of treatment for i prolougid 
period sometimes results in the csfablidiment of an appirtnc iramtiniti 
of the patient to X rax In such ca&cs, it his bccii noted thit a enm 
pletc change m the method of idmitii<»tration wis jmmcdntch followed 
improvement One ea e of tins kind was treitcd iccordin? to the 
aboxe method for sexcral months The white Hood count, onginillx 

230 000, was reduced to 40,000, hut could not be further lowertxl B' 
changing the tcchun, and using that outlined for Hodgkin s disoi'c, tx 
cepting tint sraallir amounts of radiation were idmiuistercd, the lount 
was ijuickl' lowered to 10 000 

L sing H inch gip, 5 milhanipcrcs, 10 inch distmto, and T millimeters 
aluminum filter from, one to two minutes exposure is gixcii to eiih area 
Eantis Disease — In the limited nuinhcr of ense-s of Banti’a di ed‘>(- 
which haxe hoeii “ubjected to Xriv therapy, the reports indicite favor 
able results, with reduction in the size of the spleen and improvement 
ui the general condition of the patient The spleen is never reduced to 
normal size, which is cisih understood in view of the pathological tlniigcs 
m this condition, as the organ i* ilreadx undergoing fibrous degtneri 
tion The greatest reduction in size reported is about 50 per cent Tins 
rdief of course, is onh temporm, and cure cannot he expected 

Technic — ^Radiation is directed to the spletn, which is divided into 
small areas, so expos,ed that each will receive one-tenth of a faltered 
erxthema exposure everj week 

Tuberculous Adenitis — Duappiarance, or mirkecl dimiimtioii in size, 
and subsetjuent calcification of the glands can confidei3t}\ be expected in 
tubercular adenitis However, treitmeiits must be continued at regular 
intervals and for a sufhcicnt length of time Indeed, the oulv difficult' 
in the conduct of this condition is the length of time invohed, which is 
discouraging to the patient and causes him to seek other measures of treat 
ment producing more immediate results 

The more recent the condition the more rapid the response The 
firmer the glands the more readih thev an. influenced bj tin rav Some 
coses require on!' four to five treatment^ while others will require a 
jear or more before all glands disappear or cakifj Glands winch have 
broken down, or in which fiuctnation is noted, should be incised and fr« 
drainage established before irradiation, otherwise the pus will eventual v 
break through the skin, and more extensive scarring result Bv ismg 
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OEGANOTHEK \PEUTICS 
A. J C^KLSOV 
INTRODUCTION 

Definition — The term organothenpv mi> be flefined is success 
ful coniroi of the disease syndrome due to (he hypofunction of an oryan 
hy administration of the ory/in itself or of substances jn-epared from this 
orjan 0th* r terms, sometimes cmplovcd svnonjmouslj with orgaiio 
therap^, are opotherapj, zootbprapj histotherap\ «eqiiardotherapv, 
hormone therapy etc 

The abo'vo definition strictly excludes oi^an transplantation as a part 
of organotherapy It also tTclud^s the principles ind methods of usincf 
8ul stances derived from animal organs for specific actions not pnmanlv 
related to the function ot that organ in life for example, the use of 
pituifrin or extracts of tlie pMtenor lobe of the h^pophvsis to control 
the iitenne contractions in labor the use of thvroid substance to control 
oliesitj the use of adrenalin to control local hemorrhsge or retard local 
alworption 

Organ Transplantation — ^Therc is a much wider rangie of possibilities 
in organ tnnsplantation than in orponotheripy When phj'uoltfgj and 
surgm shall ha\e adianced to a point where an organ like the kidne> 
can bo transplanted as a penmnent sub titiilo for a diseased kidnev, no 
one dmibts thit the aj-rapfoms of nephritis due to the disra«ed kidnej will 
be permanenth controlled But no amount of advance of chemistry and 
biology mil ever cmblc us to cure uremia due to kidntj disease by the 
'iilministration of kidnej extracts 

It IS or ought to be evident that oigans like the liver the lungs 
ond the kidnev winch through the action of their living cells rimovc toxic 
substances from tho blood, control the diemical equilibrium and the metab- 
olism of the body not through substances tored up in the cclh and given 
t**! to tho body fluids but threngh proce «*.'« d pendent upon their living 
tructurc The control of dcheieno of this tvpe of oigans bv administra 
tion of organ debris or organ products is as futile as the attempt to re- 

esd 
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out, ridiotherapj, f •om tJjc stmdpoMit of tcdinic <hndo9 ifsdf inM t«ci 
branches, that is, siiperficnl or unSItcrcd treatment, indicated m the 
majority of dermatological conditions, and deep or filtered therap\, in 
dicatcd in conditions imohing the deeper tissues A^ stated, oiilj the 
more important diseases haae been discussed There arc mani other 
conditions ivhich respond faaorablj to the ra^, such as vemiea, cillositi, 
saringoma, scrofuloderma, erathema induritiini, ftinincitlosis, (tc hor a 
detailed 8tud\ of the A. ray in connection avitli skin digciscs, the author 
recommends the hook entitled 1 ray attd Sodium Treatment of the Shn 
hj Dr George Jf llacivce, avhich is doubtless the leading \\ork on that 
subject 

X raj must not he regarded in the light of a panacea or cnre-all In 
man^ eases it docs not cure at all, but mereh inhibits the pitliolngicil 
cells, allowing the normal l)od> fortes to perform their normal functions, 
and sometimes merely affording relief In some conditions X ri^ alone 
will effect a cure In others jt is onl^ a aahiahlc adjunct to other forms 
of treatment In manj eases X ra> is tried as a last resort, ivhcn other 
measures ha\e failed Too quick and too brilliant results must there- 
fore not be expected, hut time must bo allowed, and tins fonn of treit 
meat regirded nith the same tolerance as other forms of thcripy If 
must also bo remembered that in certain diseases no hard and fast rules 
for treatment can bo laid down, but each ca«c must bo treated as an m 
dividual one In such instances it is impossible to give a satisfnctorv 
prognosis 

Generally speaking, fho X ra^ has an iinlimitcd field of usefirlnpas 
m medicine and is one of tho most vahtoblo therapeutic agents which mod 
cm science has to offer Its success, however, depends upon careful dag 
nosis, the proper selection of cases, a thorough and well mastered technic, 
and a close cooperation between tJic physician or surgeon and the ridio 
therapeutist Fmallv, while at Ibc present time Xrav therapv has ifs 
limitations and must not he regarded as a panacea yet its scopf of u«e 
fulness IS constantly tnereasing, and, with a better understanding of its 
value and a closer professional cooperation, it presents unlimited pos 
sibilities for the future 
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The use of animal extracts m medicine is referred to m the Fapynis 
Eben one of the oldtst mnmiscnpta m the history of medicine Organs 
or orean extract of animals had a place la the medical superstitions of 
the ancient Hindus and in the therip> ot Hippocrates Dioscorides and 
Galen The naive empiricism of the organotherapv of the eirlv Greek, 
physicians was not improved upon bv the phvsicians of the Jliddle Ages 
We find tint the liver of the pigeon and the wolf was recommended for 
hepatic disorders powdered human heart and the brain of the rabbit for 
epilepsv, extract of human brain tor debilitv the lung ot the fox fur 
dvspiiei rennet for gastric disorders the testicles of the donkev and the 
stag for depressed sex functions, etc 

It would seem that the vise of extracts of lung liver kidnev, etc, to 
cure hvpofunctioning of these organs presupposes complete ignorance of 
the phvsiologv of the«o organs How much mine will bo excreted bv a 
dried and powdered kidney or how is it possible for a lung extract to 
send oxjgf n into and to take evrhon dioxid out of the blood ^ But liver, 
kidney brain etc , m powder form tablets, or solution arc on the market 
to-dav as therapeutic remedMS Studying the lists of orgamtberapentic 
preparations on the market to-dav all claiming support from clinical 
results one gams the impression that some of our drug miuitfacturers are 
guided by the medical supcrstitiuns of the Orient, and bv niedievxl medieil 
lore rather than bv tlie modem sciences of plivsiologv pharimcoloa:) nid 
pathology 

The hundreds of glandular products listed in trade journals ineludo 
brain spinal cord, liver, lun^. bronchial gland hmph glands spleen 
carotid gland muscle leiikocvtes, blood ^ne marrow etc Thev do 
Hot diiTer greatlv from the lists of a century or two ago the chief dif 
ference is that the ‘indications arc expressed in more modern but none 
the levs obscure phraseology The therapeutic i»ao of many of the c oij,au 
prepantions by the physicians of to-day is a di counting instance of 
therapeuttc alaiimi 

The older or^, inothernpy was based on the Ulicf that it was possihk 
to influence a diseased orgin bv the ‘idministration of the same but hevlthv 
organ from animals modern organothcrapeutics is concerned primarih 
not with the condition of the organ diseased but with the activities of 
other organs which are impiired by the absence or diminution of an in 
femal scerctirn of the discisid orgiii Tims tbvroid is mt givm pri 
marilv for its effect upon the thyroid gland but for its effect upon various 
other organs whose activities are in part dependent upon the internal 
wretion of the thyroid 

Recent experimental and clinical work m this field has accordinglv 
been directed to two chief aims (1) the demonstration that various or^jOns 
proiliiee internal vccrctions and (3) attempts to determine tlie omditions 
under which these mav be utilized for therapeutic purposes 
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p ur the effects of a broken wlicel jn tbe machmerv of a •watoh bv pour 
mg into the watch cisc a powdered watch wheel A whole wheel and 
nothing else will start the watch machiiien going But m actual prac- 
tice, at present, there is not a sharp distinction between organotlle^ap^ 
and organ transplantation, at least as regards some of the ondoermo 
glands It IS a fact that transplantation of a tlnroul or an oiarv from 
one person to another has so far been onU a temporarv siiecess The 
trinsplantod organ undergoes atrophi or hsis niid absorption, «ooner or 
later, that is, heterotranaplantation of nn\ of the glands of intenial 
crttion amounts to little more than the snhciitaneons or intrainiiscid u 
administration of the extracts of theso organs The snrgen of hctcro 
tniisplantUion of an endocrine gland is simple, the roisons for onl\ a 
limitid life of the graft are partly knoini but there is little hope tint 
the modihcation of indmdualita within the species nccc'> ar\ to mider the 
transplant perm incut will be an accomplidiment of to moTou 

The continued etudi of the chenustrj and biological reactions of ca 
tracts of ammal organs will gradually rcieal substances having specific 
and useful drug actions not related to the Imiig rolo of the organ in the 
intact animal At present we have two “ucli substinccs in epinepbrin 
ind pitiiitnu When epincphrm is used in medicine as a local styptic 
or in bronchial asthma and pituitnn to induce uterine contractions, these 
ore as distincth drug actions as tli< use of digitalis to stimulate tho heart 
or atropin to dr\ up tho secretions No ono suppoacs that tho phast 
ological actions of the latter alkaloids in the animal bod^ bear anv re- 
lation to the rolo of these alkaloids in the plants avhich produce them 
The lupophasis antedates the uterus in ammal eaolution b\ mariada of 
ages, and, so far as wo know, the mammahau male has tho samo kind of 
Inpophjsis ns the female If the term orgmofhernp} is to include the i 
distincth dnig actions and uses of niiiinal siihsttinees, it seems wo ought 
to gpeik of the u‘>eful actions of scgetnblo alkaloids as plant orffaiwthcrapi/ 

On ihe other hand it is lx.i»g recognized that some of tho efftets of 
well known drugs maa be duo to specific actions upon organs of intern il 
«eeretion borne of the effects of lodin for example, ma\ be duo to the 
fact tbit it increises the amount or potency of the internal secretion of 
the thjroid There is ccidence that certain foods also incroaso the aitivitj 
of eome organs of internal secretion 

The defimtiou nuludcs the successful use of digestno enzymes in the 
control of the disorders of digestion following hypofimction of tlic digts 
tivo glands But as commonh understood, organotherapy ts Imtled to 
the vse of specific substances or hormones from the organs of tnlernal 
secretion 

History — Empirical organotherapy or the attempt to control synip- 
toms of organ disease by feeding the patient tlie hpalthy organs of animals, 

18 one of the oldest forms of therapeutics 
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but other important Iner function , sueli as gljcogen stonge protem 
deamidization, synthesis of urea from ammonn ilLSatiiratiou of fats 
bile formation, etc , cannot be earned out bv liver extracts The futilitv 
of brain extract therapj m the case of defects or destmctiTC lesions of 
thenenous (issue cqtislZv apparent 

The only possihihty for organoiherapy tn the ease of the (essucs just 
referred to is (he chance or eitdenre that that tissues cnnlatn suhstances 
capalh of stimulating the tm/wurd organ or organs to i»icrc<ivcd ac(tti(y 
lor example, the kidnev max contain a substanie that stimulitcs the 
living kidney cells to increased seeretoix activity 'ilthmgh the substance 
itsplf cannot secrete urine It is suppo ed for example that the mini 
mary glands contain jjalactapoguc sub tances Sub«t inecs may be prepared 
from the gastric mucosa tint induce secretion of gastnc ]uice when m 
jeeted into the blood The Incr oontains a cholagogiie m so far as it 
contains bile ekmotits Nenous tissue is rich m lecithin and some Imc 
held that adininistntion of lecithin i> favorable for the growth and 
mctaholi m of nervous tt sue, etc 

The exi teiico of «uch specific organotropic substances in these rsnoua 
organs must fir«t ho demonstrated by aecunte hboralorv experiments lie 
fore one is justified in u ing such ofeJn extracts on patients \yliore eyen 
under the best of conditions all the laetois cannot bo controlled The 
iiidibcrimiinte use of tissue extracts in malidies of unknoyyn or complex 
origin loads to confusion At Icist one cm plate little credence on tlio 
results of such clinical use of or^m extnets until supported by lahontorj 
cxpcnmciits on animals This priuciph must be insisted on all the moro 
since mam of the clinical lesions ol the kiduejs lungs hver and brain 
tan be rtprodutcd oxpcnmenfalJv in iiiimals 

^ topical case m point is the tcaUcuKr ‘ permin' of Poehl, yvhich 
uas prod limed as a general metaholit stimulant, and for a time used as 
a cure-all bj a few uncritical enthusiasts 

Primary Hyperfunction Not Altered by Organotherapy — There is 
little or no hope for successful or«,mothcrapy in diseases due or supposed 
to be due to a primary liyperfuiiction of organs here a malady is def 
mitely traced to primary hyperfunction of an oroaii tho lemedr is siir 
gical (direct or indirect), not medical But the q^iiestion of an out and 
out orf^aii liypi rfuiiction inclnding serious clinical dujorJers is at present 
a complex and uncertain chapter m medicine Gastno hyper ecretion 
or hyperacidity is supposed to cjnse cirfiin symptoms in gastric and duo 
dcaal ulcers, and ni sn lalleil v igotoma Tho syndromes of toxic goiter, 
aernmeg-th hemolytic jaimdiie, and ccrtaiu types of anemia hyper 
gtnitali«m and osteomalacia arc held hy mam scientists and clinicians 
ll/i hyptractiyjty of tht thyroid, hjpophvsis spleen pineal 

•ody adrenal cortex, and gonad respectively If it shall he clearly e«tal> 
ed that sufficient hypcractintj of these and other glands of internal 
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Great progress lias been made in the former attempt, it has been shown 
that minj organs produce internal secretions essential to life, or esscntnl 
to normal life Much loss progress has been made in the euccossfu! utilizi 
tion of these intenial eocretions m disease, and we are onl^ beginning to 
be able to explain the c luso of some of the failures 

The first step in rational organotherapy was taken b\ Brown Sequard 
in 1889, in liis work on the physiological effects extracts of the testicles 
The work of this French ph\siolo^ist was not well controlled, and his 
claims groatlv exaggerated Nc\crthclcs3, his theory that “all ghnds, 
whether they haae excretory ducts or not, secrete useful principles the 
absence of winch is felt when these glands are extirpated, or dcstroaed 
In disease,” foiashadowed the moileru “honmme’ physiologe Kational 
orginothcripy w is hnnllv estahlisheel in the earh nineties b\ the sue 
ceasful coutnil of the syaiiptoms of tin roid hi pofunctioning by the use of 
thyroid extract through the work of Scluff, Kcicrdiu, Koehcr, Fox, 
Mackenzie, Mnriai, and others Ihis brilliant ocliicicment has had two 
tllects on siibsiapicnt biological iincstu ition and clinical practice (1) it 
has been a potent atiinuhis in tstiblishin^ similar tvpis of function and 
methods of practical control for other organs of the l>od> , (2) it haa 
Btimulated the clinical use of other or^an prepirntions without definite 
plnsiologienl indications of their lalno and witliont exptnniental control 


GENERAL PRINCIPLES OF ORGANOTHERAPY 

Hormone Substance Essential —Successful tri itmcnt of the syanp- 
toms of hy pofunction of an organ bv extracts of siiJ orgin requires that 
the essential function of the organ consists lu producing a substance or 
subatanecs m the nature of honnoncs 

It follows as a luctssary coroll in to this principle that organotlicnpT 
19 out of the question in the cast of tissues in which the production and 
Stonge of such enbstancis art either absent oi ot no fuiidamcntnl impor 
tance in the function of the orgiii Jlie lung tissue permits or produces 
the exthaiige of oxygen and tirlioii dioxid between the blood and the air 
So far as wc know the lung tissue does not store any suhstuict that ciu 
III any way fiicilituto lung function or act as a suhstitntt for the living 
lung Hence, the certain futility of lung extract therapv of pneumonia 
or pulmonary tuberculosis 

The same general situation exists in regard to the kidncvs the liver, 
the nervous tissue, the lioart and muscular tissue m general, and possiU' 
other organs No amount of flooding of the bodv fluid with kidney ex 
tracts can separate the urinary constituents from the blood in the ah' 
genoc of living kulnev cells Hie liver plays a complex part in the bodv, 
and pirt of its function mav he the production of important hormones. 
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but other importaut liver functions, such as ghcogi.n «tongc protein 
deamidization synthesis of ima from ammonia dtsitiintioii of fats, 
bile form itnn, etc cuinot be earned out bv hvtr extracts The fntilitv 
of brain extract therapy in the case of detects or destructive lesions of 
the nervous tissue poualI> apparent 

The only i>osv,hi}ily for orgnnotkerapy in the ca^e of Ihe tissues jut .1 
referred io ts the chance or eiidince that these tissues contain substances 
ftipalife 0/ sfimulntiiig the impaired onTon or orijmis to t«cre(u>td acfiiifi/ 
iur example the kidnev max contain a substance that timulates the 
living Lidnev cells to increased secretorv activitv ilthough the siibstincc 
It elf cannot secrete urine It is suppo cd for example, that the ni iiu 
man glands contain galacfagogiic siiWincis Substances mav be prepared 
from the gastric muco a that induce secretion of gastric juice when in 
jeeted into the blood Tbc Incr contains a cJiolagogue m so far as it 
contains bilc elements Ivervous tissue is rich m lecithin ami some have 
held that administration of lecithin is favorable for the growth and 
metabolism of nervous tissue etc 

Tho existciKC of such specific orjanoiropu siihsfanrcs in these Tarious 
orpins must first bo demonstrated b\ accurate laboratory experiments bo- 
foro one is ju tihcd m using siicb 01^111 extracts on patients, where even 
under the best of conditions all tbe factois cannot bo controlled Tho 
indiscriminate use of tissue extract', lu maladies ot unknown or complex 
origin leads to confusion At least one can plvce little crcdenct on tho 
results of such clinical u«e of orgin extracts until supported bj laboratorv 
experiments on animals Tins prmcipl** must be insisted on all the moro 
111 0 manj of the clinical ksions of the kidneys lungs liver and brain 
can be reproduced expenmentally 111 animals 

A tvpical case in point is the testicular «pcrmin' of Poehl, which 
was proclaimed as a general metabolic stimulant and for a time used as 
a cure-all ’ bv a few uncritical enthusiasts 

Primary Hyperfunction Not Altered by Organotherapy — There is 
httle or no hope for successful organotherapv in dt8ea«es due or supposed 
to be due to a pnmarv hvpcrlunction of organs ^Miero a malady is def 
initelv traced to primary hvperfunction of an organ, the remedy is sur 
Rival {direct or indirect), not medical But the question of an out and 
out organ hvperfunction, including senous clinical disorders la at present 
a lomplex and uncertain chapter m medicine Gistnc hvper«ccretion 
or bvperaciditv is supposed to cau c certain sxmptoms in gastric and duo 
dena! ulcers and in socilled vagotonia The syndromes of toxic goiter, 
acroinogdlv licmolvtic jaundice and certain types of anemia hyper 
gonifaliam and osteomalacia are held bv manv scientists and clinicians 
|o bo caused bv hvpcractivitv of the thyroid hypophysis spleen pineal 
bodv adrenal cortex and gonads respectively If it shall be clearly estab- 
ished that sufficient hvppractivitT of these and other glands of internal 
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Great progress has been made m the former attempt, it has been shown 
that mauj organs, produce mtemal secretions essential to life or essential 
to normal life Much le'^s progress has been made m the successful utiliza 
tion of these mtemal ^ecretioni m disease, and we are onlj beginning to 
be able to explain the cau«e of some of the failures 

The first stop in rational organotherapj was tahen b% Brown Seqiiaril, 
m 1889, in his work on the physiological effects of extracts of the testicles 
The work of this French ph\siologi«t was not well controlled, and bis 
claims greath exaggerated Ne\crtheles.s, Ins theory that “all glands 
whether tbe^ have excrctora ducts or not, secrete useful principles, the 
absence of which is lelt when these glands arc extirpated, or destroyed 
b\ disease,” foreshadowed the modem “hormone’ ph^!»Iolog^ Rational 
organotherapj was finalh cstiblished in the eirh nineties bj the sue 
ce^sful control of the samptoms of tlnroid hipofnnctioning by the u«e of 
thyroid extract through the work of Scinff, Rtverdin, Kocher, Fox, 
Mackenzie, Murrax, and others Tins brilliant achievement has had two 
effects on subawjiunt biological mvc'Stie..ition and clinical practice (1) it 
has been a potent stimnlns in establishing similar types of function and 
methods of practioil control for other orgins of the bodi (2) it has 
stimulated the clinical use of other organ pnparatioiis without definite 
phx siological indicotion« of their value and witlioiit e\ 2 Hrimental control 


GENERAL PRINCIPLES OP ORGANOTHERAPY 

Hormone Substance Essential — Successful tnatment of the spip- 
toms of hxpofunction of nn organ bx extracts of siid organ requires that 
the es«enti'tl function ot the organ consists m producing a substance or 
substances in the nature of hormones 

It follows as a neccssarx eorolHn to this principle that organotherapx 
IS out of the question m the case of tissues in which the production and 
storage of such substances are either iliscnt or of no fundamental iinpor 
tance in the function of the organ The lung tissue permits or produces 
the exchaiijjC of oxxgen ind cirbon dioxid betxveen the blood and the air 
So far as xve know the lun„ tissne does not store inx substance that can 
in an\ way facilitate Imig function or act as a substitute for the livins 
lung Hence, the certain fntilitx of lung extract therapx of pneumonia 
or pulmonary tuberculosis 

The same general situation exists m regard to the kidneys the Iner, 
the nerxous tissne the heart and muscnlir tissue m general, and possiWv 
other organs No amount of Hooding of the body fluid xvith kidnev ex 
tracts can separate the urinary constituents from the blood in the ab- 
sence of living kiclnex cells The liver phxs a complex part in the body, 
and part of its function may be the production of important hormones , 
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of these substances are produced by the gland cells and are of equal im 
portance in gastric function The reason is evident Pepsin is stored 
up as pepsinogen m the resting cells while the hjdrochlonc acid is not 
stored up but di'chaiged from the cell as voon as formed Hence a gastric 
mucosa extract contains the former hat not the latter and in organotbenpy 
of the gastric mucosa hydrochloric acid must be added from some other 
source Analogous conditions ma\ obtain in some of the endocrine glands 
It IS, therefore, important in determining to what extent the internal se- 
cretions are stored in the organs producing them and how much of them 
is neccitsary to maintain health This is po sible m a general waa in the 
case of a few organs Thus, fiom studies on the amount of tharoid 
which It 13 necessary to administer to maintain health in animals or man 
suffering from removal or disea e of the tlii roid it is possible to form an 
approximate estimate of lion much tin roid secretion is necessarv and from 
the weight of the gland how much material is stored in it Such calcula 
tions show that the normal tharoid contuns sufficient secretion to meet 
the demands of the bodv for several nocks 

From a determination of the amount of epinephrm contained in the 
blood of the suprarenal vein and from the rate of blood flow through the 
suprarenal glands it is possible to miLi a rou^b estimate of the amount 
of epinephrm produced dailv When the amount is compared with that 
actnaUv found on chemvcvl analysis in the suprvtcnal glands, it is found 
that the latter is equal to the epinephrm output for oulj a few hours 
hince some of the internal secretion is almost invanabl} lost or destroved 
in the manipulations neeessin to prepare the gland for administration, 
it IS evident that the conditions m flic case of the thjroid arc far more 
favorable for success than in the caic ot the suprarenals and the pnncreis 

In addition to knowing how much of the accretion is stored in the 
gland, it IS important to know how urg< nt is the body a need for the secre- 
tion and how long the latter remains m the bodv Light on these ques 
tions has been obtiined bv Jctennimng hyvv «oon sv-mptoms appear after 
removal of the glands Taking two extrtmea it Ins been found that 
sjTaptoms may not appear for weeks or months after removal of the 
thyroid whereas they appear within four to eight hours after removal 
of the pancreas and thej maj appear within a few hours after removal 
of thf parathyroids or the adrenal cortex. It is evident that the dunces 
for successful organotherapy are mneh more fayorahle in the case of the 
thvroid gland 

Stability of Hormone — The physiologically important hormone stored 
m the gland must be sufficiently stable to resist the ncecssarv chemical 
processes of making the gland extract, and for practicil organotherapy 
'he hormono must resist the action of the digestiye enzymes and must he 
absorbed into the blood in actiyc form. 

Tbis IS probably the most serious. limitation of organotherapv All 
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secretion cause disease, tlic onh tjpc of orgaiiotlierapy that ma) he of 
^alue IS the administration of organ extracts that depress the h^peractnc 
gland— if there are such extracts For example, it has been reported that 
ndministrition of o\arian extract to joung male animals retards the de 
■velopracnt of the testes, and the obseiaationa of Lillie on the rreemartm 
eem to shoiv that the toatienlar and ovarian secretions have some mutual 
mhibiton action on the doaclopmtnt of the rcspectne sex characters, at 
least in carlj embryonic life This tvpe of organothcrapi is at present 
purely empirical, and should be aicll grounded b;y animal experiments 
before it is applied to patients If the liypcractiMt\ of a gland is a 
compensatory one, adminiatratiou of extract of that gland may arrest the 
gland grow til but will not control any other symptoms The ‘ hapcrplasia ’ 
that may be induced in some endocrine glands by extirpation of other 
endocrine glands is no evidence that the extirpated glands secrete hormones 
holding the other glands in clicck Hence, there is at present no espen 
mental basis for a pituitary organotherapy of toxic goiter If the glandu 
hr hyperplasia and hyperactivity is primary, such orgonothcrapy is clearh 
contra indicated 

Dystrophy and Perverted Secretion — Tlicro arc it present no definite 
indications for organotherapy in disease due or rather supposed to bo due 
to organ dystrophy, that is, a poryerted or pathogenic secretion 

The theory of a poryerted or pathogenic secretion as tho cause of dis 
ease has been adyancod for some of the maladies related to the glands of 
internal secretion, notably the thyroid and hypophysis The theory lias 
little or no basis m established fact But assuming it is true, the fol 
loyving possibilities must be considered (1) The gland may yield both 
the normal and the pathogenic secretion In that caso the patient yyiH 
shoyv no symptoms of glandular hypo activity, the symptoms of the dis 
ease being solely due to the perverted secretion In such a case specific 
organotherapy will m all probability prove useless, as there is no reason 
for believing that the normal secretion of the gland will control the patho- 
logical secretion (2) In yielding the pathological secretion the gland 
may be so altered that the normal secretion is diminished or absent This 
IS the most likely condition In sneh a case the syndrome will be a com 
plex of glandular hypo activity and pathotrenic secretion, and it is obvious 
that organotherapy may have a favorable effect on the hvpoglandular 
symptoms but leave the pathogenic secretion symptoms unaffected 

Accumulation of Hormones — The hormone or liormones must be 
stored up m active form, and in some quantitv m the organ producing 
them, for successful organotherapy of this organ 

It is obvious that unless the specific hormone in question is stored m 
the gland to some extent, administration of the gland extnet in hypofunc 
tion of tlic gland will be useless For example, a glycerin extract of 
gastric mucosa contains pepsin, but no hydrochloric acid, although both 
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Iledon claims tint when the blood from the pancreatic feiu is m 
troduced into the portal circulition of a diaU-tic animal there is a 
diminution of the glacosuria while it has no effect when introduced into 
the general circulation Thus he concludes that it is ncccs arv for the 
internal secretion of the pancreas to reach the liver in order that it 
mav lx active But Uedon’s results arc disputed bj Carlson In an> 
event, it is a fact that the establishment of an Eck fistula in animals 
docs not induce hvpcrgljccmia and ^hcosimi on ordinary carbohvdrate 
rations despite the fact that bv tbis operation all tlio portal blood in 
eluding that from, the pincteas is sent into the p?jner\l circulation before 
a small fraction of it reiclies the liver bv wat of the hepatic nrterv 
Hedous theorv is untenable in view of this fart Bnt we have a classical 
example of such distant activation »n tripsuio^jin and cnterokinase, 
and the possibility of analogous conditions lu the gland of internal secre- 
tion where all attempts to i olate or demonstrate active hormones have 
80 far been failures must always be kept m mind and te ted 

Standarduation of Products — The hormones must bo relatively 
table in the form in which the gland or gland extract is put on the mar 
ket for theripeutm or ri-seirch purposes and the or^^aa preparations must, 
so far as po sible b« chemically and phvsiologicallv standardized 

IJ"© argument is needed m defense ot this principle, although it is not 
alwais complied with Stabihtv of the lormoncs mav not bo attainable, 
in which case we must have recourse to fresh glands or fresh extracts The 
only criticism that may be legitimately directed against maniifactuniig 
concerns in such cases is for failure to indicate the date of preparation 
of and the rate of deterioration ot tlie extract While pancreatic secretin 
has BO far proved to be of no therapeutic value it can be prepared in 
active form but not kept from rapid deterioration, so that the prepara 
tions on the market become inert in a few weeks This would bo BPnous 
in case the ictive secretin was of anv value in cunne, or controlling disease 
The chemical and physiological standardization of such substances as 
thvroid pituitary and adrenal extracts or ‘insulin is just as important 
as the standardization of diphtheria antitoxin It should be insisted on 
bv thf profcosioii and required by law, in view of the fact that the prepara 
tions cn the market may show gicat vinitions in pliwiologual activity 
This is obviously a great drawback to the successful use of these substances 
in di case The standvrdxzation of insulin is imperative in view of 
the « nous consequences of an overdose of this substance 

The importance of chemical and physiological standardization of prep- 
arations of the parathyroid and the corpus luteiim is equally obvious 
The parathyroids aro very email organs distributed on and in the thyroids 
and in some case m the tbvmua It takes a good deal of training and 
care to avoid the inclusion of small accessory thvroids or nodules of 
thvnius in gathering fre h parathyroid materia! There is some evidence 
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hormones are probaLl\ (m fact, must be) soluble m senim or Ringer’s 
solution But, because of the necessity of continuous or daih admin 
istrition, intravenous or h\podennic injections of c-^trtcts of the entire 
glands produce tovic cffeets, m some eases more serious than the symptoms 
treated, owing to the presence of injurious tissue split products The 
chemical mampuhtion necessary to remoie those tovic hi products in 
troduces greater chances for destruction or loss of the hormones thorn 
selves Moreover, intravenous or hvpodcrmic injections must as a nile 
be done b\ a pbvsician or a nurse, and even when this is done there are 
chances for local and generil infections when emploved dailv or several 
times a dav for months and veirs fins is one of the difficulties of the 
msiilm thenpv of diabetes Practical or<janothcritpij iliiut Itmih itself 
tn most cases to admiiiisiralion of the gland or the gland extract hy moutli 
That IS, the hormone must rim the gamut of cnzvme action both in the 
lumen of the olimentarj tract ond in the wall of the absorbing intestine 
In view of this tact, the failures of oroinotherap^ are less surprising to 
biologists than the atnking success in the case of the thvroid If the 
founders of thvroid organotberapt had known of the general completeness 
of the protein and fat hjdrolvsis in the digestive tract, we bthtve tliev 
would sc ircelv have had courae,e to try the feeding of thvroid in rovredoma 
and cretinism 

Classical examples of destructive action of the digestive enzvanes on 
hormones and alleged hormones, or failure of these hormones to reach the 
blood m active form when administered bv mouth, art epineplirin pitu 
linn insuhn and the pancreatic ond gastne secretms 

Activity of Hormone — Iht Jiornionc must bo present in the gland in 
active form, be activated bv the chemical processes of preparing the cv 
tract, or the normal activator added to the gland or the extract 

The thvroid hormone, ns well as epmephnn pituitnn, 'insulin,” 
are present in the glands m active forms or activated bv the processes 
of extraction Wliether aiij of the other internal secretions are stored 
as pro hormones and must be activated in or bj the products of other 
organs has not yet been determined JIunser assumes that all the endo 
erme glands work in pairs one activating or inhibiting the other He 
therefore concludes that before an oigan is used in organothcrapv it must 
be ‘activated b\ previonslv removing the inhibiting gland from the 
animal For example, before using the pancreas of an animal to con 
trol pancreatic diabetes m a patient, the animal must have had the an 
tenor lobe of the livpophvsis extirpated some time before the pancreas 
IS excised m order to jield an “activated ’ pancreas This fanciful thcorv 
18 not borne out bj the w ell established facts of thjroid organotherapv, 
and we shall point out later that extirpation of some of the alleged m 
hibitors of the adrenals do not influence the epmephnn content of the 
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tclligcnt couperation of the elmie and the laboratory will assure a quieter 
arnval at the truth 

The Dangers in Organotherapy — ^When as in the case ot the thyroid 
oral administration is effective, this method should be used evclusivclj as 
a routine procedure There is danger m overdosing with thyroid extract 
even when given by mouth but all ot the other endocrine preparations 
can be adminutercd per os in lirge doses and for long periods yyith little 
or no delettriDUs effects fheit. mij also bi no eyidencc of beneficial 
effects, but that is another story Wc art now concerned yyith the dangers 
of crganolherypj 

Intravenous organotherapy is the most dangerous hypodermic and 
intramuseiil ir administration is less din^erous thin the iiitriyenous route, 
but hypodermic injections of crude organ extracts are capable of seriously 
injuring the patients through (1) anaphylaxis (2) toxic protein deriya 
tnea (histamin, peptone'-, etc), («1> toxic lipoids (chohn neurin etc ) 
(4) local damige of tisMies ol the site of injection Hence is a general 
principle, organ exirach of uni non n eompostlton {and this incliides all 
of them except thyroxin adrenalin and uUk some rescriationa pttiiitnn 
and insulin ) inu-si not be gtien intraiemv-dy or hypodermically es 
pecidly vhin repealed admiuuitralions are called for Crude endocrine 
products parenterallj administered intro<iiicc the additional danger of 
nonspecific prateiii therapy ^\c must char)} recognire that intraycnous 
or hypodermic therapy is always imph^siological and should be used 
only y\ith pure products, and when the oral route jields no results, or too 
aloyv effects 

The principle laid doyvn in this paragraph puts a serious task before 
tho manufacturer of organotherapcutic products a task demanding the 
highest grade of scientific ability and complete mtc^ity infect a higher 
t'pe of accuracj and integrity than that required m ordinary honest 
business 

Early lersus Late Therapy m Endocrine Hypofnnctions — The im 
portance of early diagnosis and therapy of liypofunctions of the gland of 
internal secretion is obyious since the early therapj may check further 
deterioration in the gland sjstem pnmaril^ involved and preyent the 
development of non reversible atrophies or abnormalities in other organs 
Earl} therapy may thus be effective while late treatment is less or even 
non effective But sex aplasia and absence of ailole cence dui to hypo 
thyroidism mav, m some cases at least he corrected b} thyroid organo 
therapj begun as late as the thirtieth or fortieth year 

While we all subscribe to this principle the great difficult} comes in 
the application from the fact that none of the tncipient symptoms of hypo 
function of any endocrine sijdem are specific Tor example the primary 
etiology of slight nervous disturbances sli^t adiposity sli^^ht disturb 
snee m growth slight disturbances in sex functions, slight disturbances 
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of variation in function of corpus luteiun irith tlie ago of this temporary 
organ, and with the incidence of pregnanev Even the moat careful manu 
facturer, therefore, is fating great difficulties, since his only sources of 
raatenal are the abattoirs and the onl> criterion of the time of ovulation 
in the abattoir animals is the appeannee of the ovarj hv direct inspec- 
tion Damiereuthcr states that onl\ one of the sei eral dnig firms who 
pi ice ovarian products on the market would affirm that their corpus luteum 
preparations arc made from tlie corpus luteum of pregnant auimak 
Ilicre exists, at present, another cerioiis soiirte of error or cause of dis 
tupancies in therapeutic effects m the usual practice of rcmoimg fats or 
lipoids from the dried products or «>olution3 of such organs as the ovan, 
the h\pophaais, and the adrenal cortex The sohenls ihat remote the 
lipotds may also remoit the hormones Until the hormones have been 
actually isolated it vould «eem more promising to use the entire gland, 
at least when gi\en hj mouth 

Clinical Control m Use of Organ Extracts — In case of the caidocnne 
ghnds m nhich organofhenpv is still in the balance tbe clinical use of 
organ extracts should bo most ngidl> controlled and should be preceded 
or paralleled bj animal experiments 

Empineal organotbenpi is not to be condemned entireh, but triea 
organ extracts are used in tins waj witliout the guidance or positive in 
dications from ph^siologi or patliolog), medical progress demands that 
other factors be eliminated so far as possible, so that the results max 
haie some meaning A careful pcntsal of the literature will convince 
any candid man that we are great sinners in this regard The other fac- 
tors we refer to are (1) other therapeutic measures such as changes in 
diet, occupation, environment, etc, simultaneously instituted, (2) the 
element of suggestion and (3) the natural faistorj of the malady For 
example, if we disregarded the natural course of colds, or raump», or chorea, 
we could readilv establish a splendid organotherapv of these diseases 
This IS too obiious to mention, except for the fact that our literature 
demonstrates that it is so freqiientK forgotten Our age has been char 
actenzed, medicalli, as one of thenpeutic nihilism On the coutrarj, 
in. the field of tntemal glandular diseases and organotherapy d is an age 
of therapeutic credulity and fooluJi faith in the hiological and medical 
omniscience of drug manufacturers 

The ideal scientific control is not easilv attained m most clinical cases 
There are the spontaneous fluctuations in the seierity of sjmptoms, spon 
taneous repair, irrespectne of all therapj, and factors of general hagiene 
and nutrition which the good physician alwaas endeavors to improve 
There are the uncertainties of diagnosis in all border line ca^cs, especiallv 
in the so-called pluriglandular diseases Hence the value of the guide and 
aid of definitely controlled animal experiments Clinical results anil ever 
constitute the final test of organotherapj m any given condition, but m 
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practice ra her than medical practice The comlnned administration of 
ectnets of organs of known or probibjp endocnae tunciions as empirical 
thenp) IS based on the following oonsidcMtioiiS 

1 There is some eeidence of mutual interdependence of omc of the 
endocrine plands Tims the norni<il functioning of the gonads depends 
imong other things on the thyroids and pussibH the bspopbssis and the 
adrenal cortex while e^tirpition ot the gonida leuls in some species to 
thanges in the lnpoph^sla tinmns, and the adrenals 

2 Endocrine glands, like tht thiroida or the pincreas thst hare 
fiindamental influences on the gineril metabolism and giowth, will neces 
sarih influence the other glands as well kpirt from this tspe of facts, 
the theories of specific influence (stimulation or inhibition) of one gland 
on others re«t on precarious fonudati ms But it is quite probable that 
conditions like dietary deficjencics and chrome or sente injections have 

ome effects on the entire endocrine system and more so on some tlian on 
others 

8 The aliote consideration has led to tlie tlieorc that endocrine dis 
orders are seldom if esor conhiied to single svsttms tint thes are in 
fact, phiriplandnlar The corollais to this theors is the pliinglandiihr 
therapj of these diseases But it niiisf not he /orp.otff>n that in the eiperi 
mental animal specific disea es arc produced bi damaging spccihc glands 
of internil secretion and so tar h org mofhcrapv is at all effective it 
suffices to administer the proiluct ot the damaged ghnd to control the 
disease It is not nece«9arv for < xample to add pitnitsrv ^onad or 
adrenal corte^t to the thvroid eTfract to control experimental cretinism 
or mvxedema 

4 Fortumtel^, to date roost pJiingliaduhr therapies hire hien ad 
inini«tratioii of the mixtures bv month In this the least damage 
is done to the patunt But the pccious theorv that wo can supply the 
human bodv with anj quantitj and qua]it\ of endocrine pabulum the 
infernal coordination being so perfect that the bodv cells pick out onh 
the kind and quantity of hormones needed la not onh without hisis in 
demonstrated facta, hut IS III aoine inatanrea (as the tin roid anil poasiblv 
the hypophysis and the pancreas) definitelj contradicted The fact that 
most of the endocrine products are more or less inert when tiken by 
mouth probably explains much of the snccoss of the pluriglandular theripy 
in the handa of the uncritical 

1 But yon sjv, all these eonsideritjons and objections to pluri 
glandular therapy are academic and btside the point The yyhole matter 
IS Dons tilt patient improye or get well on that is becauee of the 
phiriglindiilar diet? \es iliat la tbi mib We can throw the rationale 
0 the therapy to the wind proiided the pitient improvia and does not 
relapse yvhen he receives our bill All systems of hoalin^ point to sue- 
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m metabolism, slight mental rctardition or inferiority, etc, mn^ he en 
tiielv outside the endocrine field, and it is now claimed by some that 
both hyperthyroidism and hypothyroidism may be prisont in porous i\Iio 
Inye *1 normal basal metabolic rate Early diagnosis becomes, therefore, 
essentiall;^ gne swoik, and the meining of positne results of organo- 
tlierap;) based on a gne sed diagnosis become also a matter of guess This 
IS undoubtedly one of the most disturbing factors in cyaluating the re- 
sults of organotherapy at present Hoiv are yye to proceed with fairness 
111 fact of the following facts* 

1 None of the incipient •tymplomt of endocrine liypofiinction are 
specific 

J Slight hypofunction of any one of the endocrine glands may be 
onh temporary, yvith «pontamo«s recoyerj Any therapy of such con 
ditions is apt to lead us to wrong conclusions, and thus impede tiie progress 
of medical art and science 

3 Prolonccd and niarhcyl hypofunction of at least some of the c:luid« 
of intirinl «ocrctiou (for example (he thyroids, piratliyroid*, pancreas) 
may induce i more or less irrcycrsiblc pathology m other organs, render 
lug late therapy less cffcctiye 

>l\liat IS the doctor to do iii this dilemma? Is he to apply an in 
discriminate or pluriglandular thenpy in incipient and uncertain cases, 
on the chance of a random hit, or is he to await developments, thereby 
possibly harming the patient* 

It yyould be presumptuous for any one man to dictate the Ime of con 
duct here, but I think the following pointi, art yiithin reason 

1 hen the diagnosis is a guess, let us all admit that the meaning 
of therapeutic results is also a guess 

2 Internists as well as liboralory men should make greater efforts 
to work out reliable criteria of mcipicut endocrine hypofunctions, and 
determine more clearly the time factor of the irreversibility of endo 
crmopatbic sequelie 

Uniglandular lersus Pluriglandular Organotherapy — In recent years 
there has been a tendency to abandon the use of single gland products m 
favor of gland mixtures This tendency has been pirticularl^ marked m 
the case of the thvroid, the hypophysis the gonads and the adrenal cortex 
We do not include here the extreme tendency m this direction— the m 
elusion in organotherapeutic mixtures of extracts of organs (like the 
kidney, the Ijmph gland, the spleen, the brain etc ) — where evidence of 
endocrine function is entirely lacking and the use of these mixtures as 
general or ‘supportive” therapy for kinds of disorders This is quack 
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practice ra Her than medical practice The combined administration of 
extracts of organs of known or probable endocrine iunciions as empirical 
therapy is based on the following considerations 

1 Then, is some eaideiice of mntual interdependence of some of the 
eudoenne glands Thus the normal functiynino of the gonads depends 
among other things, on the thyroids and possiblv the Inpophvsis and the 
adrenal cortex, a\hile extirpation ot tht gnnads leads m somi species to 
changes in the hapopliaais thamns, and the adrenals 

2 Endocrine glands, like tlu tharoids or the pancreas that have 
fundamental influences on tin general mctaliohsin and growth will neces 
sanh influence the other glands as well Apart from this tape of tacts, 
the theories of specific influence (stimulation or inhibition) oi one gland 
on others rest on precarious fonndatioiH But it is quite probable that 
conditions like dietarv deficiencies and chronic or acute infectious have 
some effects on the entire endoenno svstem, and more «o on some than on 
others 

8 The above consideration has led to the theorv that endocrine dis 
orders are seldom if ever confined to single s' finis that thev ire in 
fact pluriglandular The corollarv to this theorv is tht plurif^laiidul ir 
therapy of these diseases But it must not lie forgotten that in the expcri 
mental animal specific diseases are produced bv d imaging apeciht glands 
of internil secretion and «o lir as organotherapy is at all effective it 
uffices to administer the product ot the damaged gland to control the 
disease It is not necessnrv for example to add pituitarv gonod or 
adrenal cortex to the thvroid extract to control experimental cretinism 
or mv xedema 

4 Fortunatclv to dvte most plunglamluhr therapies have been ad 
ministration of the mixtures bv mouth In this wav the leist damage 
IS done to the patient But the specioua theorv tbit we can supply the 
human bidj with anj quantitv and quality of endocrine pabulum the 
internal coordination being o perfewt that the bodv cells pick out only 
the kind and quantitv of hormones needed is not onh without bisis m 
demonstrated facts but is in some instances (as the thvioid and poasiblv 
the hvpophvsis and the panereis) definitely contradicted The fact that 
most of the endocrine products, are more or less inert when tiken bv 
mouth, probably explains much of the success ot the pluriglandular tlierapv 
m the hands of the uncritical 

But vou say all these considerations and objections to plnn 
glandular therapy are academic and beside tlie point The whole matter 
13 Does tlie patient improve or git well on that is because of the 
pluriglandular diet? that is the nnb "We cm throw the ration lie 

0 the therapy to the wind provided the patient improves, and does not 

apse when he receives our bill All avstems of healing point to sue* 
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in met^boh8In, slight mental retardation or inferiorit\, etc, ma^ he en 
tircl^ outside the endocrine field, and it is now claimed hv “ornc that 
both hyperthyroidism and hypothyroidi^n may be present in persons nho 
ha\e a normal basal metabolic rate Larlv diagnosis becomes, therefore, 
csseiitnllj giiessyyoih, and the me-ining of positne results of organo- 
thcr ipj based on i guessed diagnosis become also a matter of guess This 
IS nndonhtcdl} one of the mO'.t disturbing factors in cyaluating the re- 
sults of organotherapy at present Iloyy are yve to proettd yyith fairness 
in face of the follow iiig f lets ? 

1 None of the tncijyienl sijmploms of eiidoenne hypofiinetion are 
specific 

2 felight h\ pofiinction of nnv one of tlie endocrine glands maj be 
only tcmporiry, yvith spontaneous rtmery Any thenpv of such con 
ditions IS apt to lead ns to yy roiig conclusions, and thus impede the progress 
of medictl art and scieiitc 

^ Prolonged and nnrkid liypofiinction of tt Ica«t «omc of the glands 
of interml secretion (for example, tlic thyroid^, piratlnroids, pancreas) 
may induce a more or loss irrcyersiblc patholoej m other organs, render 
ing late thtrapj less cffectiTc 

tVhat is the doctor to do in this diUrnmn? Is he to apply an in 
discriminate or pluriglandular therapy in incipient and uncertain cases, 
on the chance of a random bit, or is be to await doyelopmcnts, thereb) 
possiblj harming tlie patient^ 

It yyould be presumptuous for jnj one man to dictate the line of con 
duct here, but I think the folloyping points are yvithm reason 

1 hen the diagnosis is a guess let us all admit that the meaning 
of therapeutic results is also a guess 

2 Internists as well as laboratory men should make greater efforts 
to work out reliable criteria of incipient endocrine hjpofunctions, and 
determine more clearlj the time factor of the irreyersibilitv of endo 
crmopathic sequel'? 

Uniglandular lersus Pluriglandular Organotherapy — In recent years 
there has been a tendency to abandon tbc use of single gland products m 
favor of gland mixtures This tendency has been partieulirly marked m 
the case of the thyroid, the hypophysis the gonads and the adrenal cortex 
We do not include here the extreme tendency in this direction — the m 
elusion m organotherapeiitic mixtures of extracts of or^^ans (like the 
kidnev, the lymph gland, the spleen the brain, etc ) — where evidence of 
endocrine function is entirely lacking and the use of these mixtures a? 
general or “supportive’ therapy for all kinds of disorders This is quack 
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The clinician, on the other hand, perhaps knowing Ie«s intimatelj the 
evidence for the unit> of life and organ function in mammals, is apt to 
become impatient with the strictures of the laboratorj worker, and under 
value the significance of experimental data m the analysis and cure of 
human ills ‘After all,’ the> aav, the final arbiter is the crucible of the 
clime ” But in so far as the clinic is or can be a crucible it is identical 
with the crucible of laboratory research and it is onl^ after repeated re- 
fining that either crucible vields pure gold The following seems obvious 
(1) certain nervous manifestations of endocrine pathology, espcciallv in 
the group of consciousness, may differ in man and the dog and the labora 
tor} man must admit that conscious nervous manifestations cannot at 
present be studied with accuracy in the experimental animal For ex 
ample there is nothing definite!} known in the spayed bitch identical 
with the neurocirculatorv distiirhances of the spaaed yyoman When the 
internist reports that these neuroses of the premature menopause m his 
patients are ameliorated by ovarian therapy, the laboratory man has noth 
ing to sa} except the yery ohiious remark that nervous symptoms, es 
peciallj in women, are often profoundly influenced hv sugeestiim. The 
menstruation phenomena m women arc not complete!} duplicated m the 
nit of the lower mammals But as regards the other really objectiie find 
iDgs of gonadectomy and gonad therapy after castration there la no quar 
rel between the clinician and the physiologist 

Both groups must also admit the possibtUli/ of differences m actual 
physiological effects of organotherapy per os in man and the laboratory 
animals As pointed out above, hormones given by mouth must pass 
the following obstacles before reaching their field of action (the blood 
and tissues) the destructiye action of the digestive juices the destructive 
action of the intestinal hactena, and exclusion or destruction by the m 
testinal mucosa So far as we know the digestive ferments are identical 
m all maramaN hut there may be species differences in intestinal flora 
and intestinal permeability Such differences however, must be demon 
strated, not moixly assumed 

A Complete Organotherapy Probably Not Attainable —In the normal 
animal, hormone equilibrium is balanced by delicate chemical and nervous 
processes \Vlien this equilibrium is upoet disease, it is probably im 
possible to restore complete balance by our relatively crude methods of 
oigan extract administration It must not be forgotten, however, that 

are aided by the wonderful plasticity and capacity for readjustment 
on the part of the organism at least under many conditions Even our 
Most successful organotherapy (the thyroid) is merely a physiological 
control not a cure for when the therapy ceases the maladv returns When 
the malady does not return sooner or later when the organotherapy is 
stopped, we have merely tided the patient over a period of temporary 
depression of the gland involved a form of gland “re«t cure ’ 
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ccssful cures, to the crucible of their dimes But will ou not a^e that 
v?e must examine the crucible! Pluriglandular therapj as franh cm 
pincism is not to bo uholly condemned, eren in the twentieth centurv 
But It increases the chances forposf hoe fallacies, as feu men are content to 
be mere puppets to the detail min Wc trv to tlnnk, at times 

It is, perhaps, significant that thyroid extract (the one substance 
actne per os) is so frequently an ingi^ient m the ready to-sene plun 
glandular mixtures, just as alcohol and laxitnes make up part of imnv 
otheru ise inert patent medicines For example, one manufaclunng con 
ceru lists ten different pluriglandular mixtures, and seven of these are 
said to contain thvroid extract 

“Orthophreuic” (thyroid, pineal, testes-orarv prostate, cerebrospinal 
substance, activating substances) 

‘ Virilogemc” (anterior lolx, adrenil cortex thvroid testes, prostate 
actuating substances) 

“Galactagogue” (mamma, placenta, posterior lobe, thvroid, activating 
substances) 

“Morpbogenic” (thjroid, adrenal, pitmtarv, pincsl, thvmus, actuating 
substances) 

Catabolic'’ (thyroid, posterior lobe, adrenal medulla, «permuiuni, ac 
tuating substances) 

“Femmilogenic” (pituitarv, adrenal, thyroid, corpus luteiim, orarv 
mamma (virgin), actuating substances) 

'Osteoplastio” (thyroid, pituitary, parathvroid, ndrtnal medulla, thy 
mus, activating substances) 

We are not informed what the ‘'activating snbstvnccs” are, except m 
the ca«e of the thyroid, vsbere it is said to bp lodids The use of these 
mixtures thus amounts practically to dosage of the patient with thyroid 
extract and potassium lodid 

Experimental tersits Climcal Organotherapy — Despite the minor 
difference m species m the kind and eventv of svmptoms induced bv 
specific endocrine pvthology , and minor species differences m the effects of 
organotherapy, it is a striking thing that in all securely ebtablished facts 
of endocrine diseases and therjpv, there is a practic illv complete pirallel 
between the expenmental manunil and mm "Wo need mention only the 
thyroids, the parathyroids, the gonads, the pancreas This fortunate fact 
rendered possible the rapid advance in the annhsis of endocrine diseasis 
m the last fifty years This fact also tends to render the lahoratorv m 
vestigator okeptical in relation to therapeutic results on m in that cannot 
be duplicated in the laboratory, especially i£ the clinical reports include 
such variables as guessing the diagnosis several synchronous therapies, 
and inadequate controls m the way of the natural history of the disease 
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In the adult Dormil animiJ the tLiroid is made up of acini of cnboidal 
cells witb tbethjroid colloid filling the center of the lumen In mammils 
this adult structure begins to appear it or a little before birth In earh 
latra utenne life there is no colloid or definite 'irrangement of the cells 
into acini 

The colloid IS ohvioiisl} a cell product (cell degeneration or cell secre- 
tion) But its relation to the ^land function is not jet clear Benslej his 
sucteeded in staining an intracellular thjroid colloid This colloid is 
most nhundant in the region of the cells adjacent to the hnipli vessels and 
Hood vessels It is usiiallj held thit the colloid m the lumen of the 
acini represents a storage state ot the phvsiologicallv important internal 
secretion which according to the needs of the bodj becomes changed, is 
reahsorhcThj the cells and passes into the blood stream 

The blood and Innphatic anpplv to the tbvroid is ver\ abundant so 
that the blood flow through th« gland per mass of tissue is greiter than 
m anj other organ in the hodj MauJev and Marine have shown that a 
piece of thjroid transplanted in other rc5,ions of the body stimulates the 
(lerdopaeot of a similar evtraordinari Wood supph Tie great tag 
cularitv of the tharoid is therefore intimately related to its specific 
function 

Significance of the Thyroid Innervation — Branches from the cervical 
sympathetic nerves pass along the tbvroid vessels to the gland These 
fhtroid nerves have with cortaintv i vasomotor function Iheir atimula 
tion causes primary vasoconsinctiun ot the gland and this is followed 
hv vasodilatation at the end ol the stimulation The question whether 
there are aUo true secretory fibers in the tbvroid nerves has been at 
tacked bj diverse methods without na vet yielding conclusive results 
k her and Flack, also Ossakin report that stimulation of the thyroid 
nenes increases the excitabilitv of the depressor reflet mechanism due 
to an increased thvroid secretion thrown into the blood Rabe etal found 
that the stimulation of the nines reduces the lodin content of the gland 
and this was confirmed by ^\atts but the latter investigator alao found 
that identical decreases m lodm were induced by raechauicallv produced 
circulatory changes (temporary vaoooonstrictionj in the gland ^\atts 
findings are questioned bv \ an Dyke Cannon reports that a siicccasful 
union of the phrenic nerve with the cervical sympathetic induces some 
of the symptoms (nervousness cTOphthalmos iiicrea&ed metibolism) of 
thyroid hvpersecretion owing to the continuous respiratory nervous dis 
charges from the phrenic acting ou the gland cells The fact itself is 
contradicted h\ Troell but if it shall be proved correct na reported hv 
Cannon, the excessive thvroid activitv may be due to circulatorv rather 
than secretory nerve disturbances Camion also finds that stimulation 
of the thvroid nerves produces an electrical change m the thvToid «imilar 
to that induced in muscle or in nerve when thrown into activity This 
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The employment of thjroid m human medicine in cases of congenital 
absence, atrophj, or deatruetnc lesions in the gland is a typical case of 
hormone thcrap> It w also tn reahty our only ueU established case of 
successful organotherapy The jnnrked result -with this organ has been 
the mam impetus and guide in the attempts to work out an organotherapy 
for the other endocrine glands The thyroid produces a substance or 
substances of specific pin siologicnl importance, stable in tnlro not de- 
stroyed by the digcstue juices or the bactena of the alimentary canal, 
and absorbed m active form into the blood The functions of the gland 
may bo partly replaced by the administration of the gland So well 
established is this principle that conditions of the thv roid can be diagnosed 
in part from the effcct« on the body of the administration of the gland 

The administration of the thv roid m organotherapcutics is based partlv 
upon clinical and partly upon CTpcrimcnlal vrork The litter preceded the 
former, but the two methods have been closclv combined, each reacting 
upon the other The gland was not employed in medicine until a ra 
tional basis for its use had been established expenmentally, empiricism 
bad no part m its introduction 

The most important steps in our kiiovrledge of the thyroid are the 
following (1) the demonstration (by Schiff, Riverdin, Ivooher, and 
others) that extirpation of the thv roid in adults leads to a senes of dis 
turbanccs designated bv the term cachexia slrumipnia or myxedema, 
(2) the experimental production of cretins by removing the thyroid in 
young animals, and the recognition of sporadic and endemic cretinism 
in man as duo to hypothyroidism, (3) the demonstration that the symp- 
toms of hypothyToidism can be partly controlled b\ thyroid administra 
tion (Ewald, Baumann Jiilagmis Levy, Pick and Pinelea, Hurray Howitz, 
Mackenzie, Fox, Kocher, and others), (4) the discovery of the thyro 
lodin and the subsequent ®-tndies of specific thyroid chemistry (Baumann, 
Osyvald, Hunt, JTanne, Koch, Kendall) (5) the demonstration of a re- 
lation of thyroid physiology to the diet (Watson, Hunt, Marine, Biirgct, 
Bensley ) and possibly to inftctions processes (McCamson Bosenoyv) , 
(6) the studies of the possible control of thyroid activity through secre 
tory nerves and circulatory changes (Asher, Watts Cannon, and others) 

From the standpoint of clinical medicine some of the mo«t impor- 
tant problems in thyroid physiology remain yet unsolved, namely, the 
cause and significance of the thyroid changes in so called toxic goiter in 
man and the cause of endemic goiter 

Function of the Thyroid — The thyroid develops from the epithelium 
of the branchial clefts of the embryo Thecmbrjological anlage of the 
thyroid is thus similar to that of the parathyroids and the thymus gland 
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la the adult normal nmmal the tbaroid is made up of acini of cuboidal 
cells with the thjroid colloid filling the center of the lumen In mammals 
this adult structure begins to appear at or a little before birth In earh 
intra uterine life there is no colloid or definite arrangement of the cells 
into acini. 

The colloid Is obviouslj a cell product (cell degeneration or cell secre- 
tion) But Its relation to the gland function IS not 3 et clear Bcnsle^ his 
succeeded in stiming an intracellulw t!i 3 roid colloid This colloid is 
most abundant in the region of the cells adjacent to the lymph ves els and 
blood 1 easels It is usuallj held that the colloid in the lumen of the 
acini represents a storage state of the physiologicallv important intern il 
secretion which according to the needs of the body becomes changed, is 
reabsorbeiTb} the cells, and passes into the bloodstream 

The blood and Ij-mpbatie supply to the thyroid is very abundant so 
that the blood flow through the gl md per mass of tissue is greater than 
in nny other organ in the body Manley and llmne haye shoyvn that -i 
pici.c of thyroid transplanted m other regions of the body stimulates the 
deyelopmeot of a similar CYtraordmary bbod siipph The great ya 
ciiUnty of tho thyroid is therefore intimately related to its specific 
function 

Significance of the Thyroid Innervation — Branches from the cervical 
sympathetic nerves pnss along the thyroid vessels to the gland These 
thyroid nerves have with certainty a vasomotor function Their stimula 
fion causes primary vasoconstnction of the ^land and this is followed 
by vasodilatation at the end of the stimulation The question whether 
there are aUo tnie ocretorj fibers m the thyroid nerves has been at 
tacked by diver c methods without as yet yielding conclusive results 
kshcr and Flack also 0 sakui report that atimulation of the thyroid 
nerves incredses the evcitabilitv of the depressor reflev mechanism due 
to an increased thyroid secretion thrown into the blood Elbe, et al found 
that the stimulation of the nerves reduces the lodin content of the gland, 
and this was confirmed by '\\att« but the litter investigator also found 
that identical decreases ixi lodiu were induced by mechanically produced 
Circulatory changes (temporary vasoconstriction) in the gland Matts 
findings are questioned by Van Dyke Cannon reports that a successful 
union of the phrenic nerve with the cervical sympathetic induces some 
0 the symptoms (nervousness, cvophthalmos increased metabolism) of 
yroid hypersecretion owin^, to the continuous respiratory nervous dis 
e argps from the phrenic acting on the gland cells The fact itself i« 
^ntradicted by Troell but if it shall he proved correct ns reported bv 
annon the excessive thyroid activity mav be due to circulatory rather 
nerve disturbinces Cannon also finds that stimulation 
♦ thyroid nerves produces an electrical change in the thyroid similar 
t at induced in muscle or in nerve when thrown into activity This 
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he mterprets is pronag a direct secretory nerve action However, Schafer 
has reported similar electrical changes in the mammary gland on injec- 
tion of pituitrm, and it is now demonstrated that pituitnn cauee«, not 
milk secretion, hut nierelj a discharge of the milk present in the duct 
svstems bj contraction of the duct musculatures Moreover, the electrical 
response m tho thjroid, as reported hj Cannon, was sometimes positive 
and sometimes negative It docs not seem possible at present to interpret 
both of these effects as duo to an increased secretory activity Moreover, 
denervation of the thjroid in normal animals does not produce hvpo- 
thj roidism, and transplanted fragments of tb) roid appear to function m 
a normal manner without nerves Cmnoii, efof also report that stimuli 
tion of the th'^roid nerves leads to a temporarj acceleration of the de 
uervated heart Thej interpret this heart acceleration is due to an 
increased thyroid «ocrctiou This lutcrpretatiou is at present open to 
question 

If secretory nerves are present they arc certami} not necessary for the 
normal gland function The control of the gland activity is, therefore, 
essentially t humoral one, as indicated hv the great vascularity But the 
question of thjroid secretory nones is, ncvcrlliclees, one of great prac- 
tical importance in relation to the cause and control of possible hyper 
thy roidism 

Chemistry of the Thyroid — The older inyestigators reported the 
presence in thyroid of albumins, nuclcoproteins, albumoses, leucin, Tantbm, 
hypomnthin, lactic and succinic acids, etc In glands which have under 
gone cystic degeneration the finding of mucm, cholesterin, motheioo 
globm, bile pigments etc , is reported 

lodin — binee the discovery, jn 1895, hy' Baumann, of lodin m the 
thyroid, intercut in the chemistry of the gland has centered largely around 
this element, and the substances with yyhieh it is in combination 

The amount of lodin in the thvroid, not only of man, but of the lower 
animals is extremely vanable, being influenced by age, character of the 
food locality, the phvsiological conditions of the thyroid and many other 
for the most part unknown, factors The thyroids of infants and of 
ncvvlv bom animals contain less lodm than adult thyroids, in fact, it 
cannot be detected at all m many cases at least not by the use of usual 
quantities of the gland, and hv the nsunl methods But the same is true 
in many instances of the thyroid of adnlts and, to all appearance, nor 
mal animals A«chbacber gives the avcrai^ amount of lodm in the 
human thyroid between the ages of twenty five and thirty as 8 98 milh 
grams, it is less both in youth and old age The percentage ba«ed on 
the weight of the dry gland vanes from 0 to 0 4 or 0 5 Extreme vans 
tions both in the total amount and in the percentage occur The thyroids 
of salt water fish contain three times the amount of lodm usually present 
in the mammalian thvroids In some of the marine invertebrates lodm 
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3s present in greater quantities m some of the cutaneous and excretory 
structuns where the lodin cannot h'lve the ph 3 siolOj,ical signiheance it 
has in the ths roid of the vertebrates 

The nature of the physiologically nctive lodin complex in the thyroid 
IS unknoira, notwithstanding tbo la^e amount of work which has bteu 
devoted to the problem The form is specific for the thyroid no other 
lodin compound is known which his the specific physiological properties 
of the thyroid substance or hormone (son Furth Schwartz Koch Mic 
Lean Hunt and Seidell) It is known to bo united in xome was to the 
proteins probably to one or more of the ammo acid constituents of the^e 
(h.och, Kendall, Cameron) 

Baumann isolated a specific but ill defined lodm compound from the 
thyroid one which has at least mans qf the «pccific properties of the 
gland substance itself He nnmed this substance “wdothvnn'’ 

Oswald isolated, at least approximately the protein with wbu.h the 
lodin 18 combined He named this protein ' tbyrogiohulin’ it was found 
to conatituto one-third to one-half or more of the weight of the dry gland 
The lodin content aanid from 0 to 0 8C per cent or more Oswald be- 
lieved this thypoglobulin if it contained lodm, to reprekent the tnie active 
principle of the thyroid , Baumann s lodotUy rm could bo obtained from it 
by hydrolysis 

Oswald also isolated an lodmfrce protein having the properties of a 
nucleoprotein but this protein did not haye the charo.cteri«tic phjaiolOgiicAl 
thvroid action 

F 0 Koch found that as determined by the acetonilnl test of Hunt 
the thyroglobulin as well as the metaprotem fraction of the thyroid it 
tamed the full physiological activity of the entire thyroid Further hjdir 
l\sis into lodothynn and primary or secondary albumoses shows a gridu 
ally de<reaaiiig activity, while the ammo acid fractions show little or ni 
physiological activity althou^ tliey retain some of the lodin Tin 
thyrometaprotein of Koch contains thiee times the percentage of lodm 
found in the entire thyroid yet it shows no greater physiobgical actnlt^ 
than the dried thyroid The relation of the lodm to the physiological nc 
livitv of the thyroid thus appears^ to he a direct one Hunt has reported 
that Kendalls thyroxin is less effective than ordinary dried thyroid as 
determined by the acetonitnl test 

Thyroxin —Kendall has isolated and analyzed a crystalline compound 
(CiiHioO^NIa) from the thyroid having three molecules of lodm fixed 
in a protein derivative almost identical with tryptophan This substance 
13 called ‘thyroxin ’ Kendall thinks it is the active thvroid hormone 
Un the whole the action of thy roxm paralleb that of crude thvroid extr act 
m man and animals that have some thyroid gland left It has not been 
proved that thyroxin is effective in absolute cretinism. This would be 
tho crucial test of the true hormone nature of thyroxin Hie thvroxin 
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be interprets as proving a direct secretorj nerve action Hovcver, Schafer 
lias reported similar ckctncil changes in the maniniar;> gland on injcc 
tion of pitintnn, and it is non demonstrated tint pituitrm cau c«, not 
milk, secretion, but merely a dischiigc of tbe milk present in the duct 
systems bj contraction of tin- duct musculatures Iforeover, the electrical 
response m tbo thyroid, as reported hy Cannon was sometimes positive 
lud sometimes negative It does not seem possible at present to interpret 
both of these effects as due to an increased seerctorv activity Jlorcover, 
denervation of the tbvroid in normal animaU does not produce bvpo 
tlijroidism, and transplanted fngments of tUjroid appear to function in 
a normal manner without nones Cannon, al also report that stimulfl 
tion of the thyroid nones leads to a temporary acceleration of the de 
nervatod heart Thej interpret this heart acceleration as duo to an 
increased tbvroid secretion This interpretation is at present open to 
question 

If secretory nenes aro present thej arc certainly not neecssarv for the 
normal gland function The control of the gland activity is, therefore, 
essentially a humoral one, as indicated by the great vascularity But the 
question of thyroid secretory ncncs is, ncvertljcless ono of great prac- 
tical importance in relation to tbe cause and control of possible hyper 
thyroidi«m 

Obemistry of the Thyroid— The older investigators reported the 
presence m tlivroid of albumins, nnclcoprotcins, olbtimoses, Icucin, ^anthin, 
hvpo^antliin, lactic and sueciiut acids, etc In glands which have under 
gone cystic degeneration the hiiding of mucin, cliolcstenu, mothemo 
globm, bile pigments, etc , is reported 

loduu — Since the discovery, in 18‘>5, bv Baumann, of lodin in the 
thyroid, interest in the chcmi«trv of the gland has centered largely around 
this element, and the substances vviUi which it is in combination 

The amount of lodm in (he thvroid, not only of man, but of the lower 
animals is extremclv variable, being mfluenced bv age, character of tho 
food, Jocibtv, (bo plivsiologicil conditions of the thyroid and mam other, 
for tbe most part unknown, factors Tlio thyroids of infants and of 
newly born animals contain Jess lodm than adult tbvroids, m fact, it 
cannot be detected at all in manv cases, at least not bv the use of usual 
quantities of tbe gland, and by the usual methods But tbo same is true 
in many instances of the thyroid of adults and, to all appearance, nor 
mal animals A«cbbacher gives the averapi amount of lodm m the 
human tbvroid between the ages of twentv five and thirty as 8 98 milb 
grams, it is less both in voiith and old ago Tho percentage based on 
the weight of the dry gland vanes from 0 to 0 4 or 0 5 Lxtrerae vana 
tions both m the total amount and in the percentage occur The thyroids 
of salt water fish contain tliree times the amount of lodm usually present 
m the mammalian tfiv-roids In some of the marine invertebrates lodm 
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ologicallj active thyio-iodin compound PoasibK the thjroids ma\ store 
lodin outside of this compound, for example lu the colloid Kendall has 
obtained inactiie lodin fractions from the thvroid 

Several ivriters have called attention to the variation m the lodin 
consent of commercial tbjroid preparations Hunt and Seidell found the 
preparations on tho Americm market to \arj from 0 09o to 0 38 per 
cent The average was approvimateh 0 2 per cent 

It IS thus evident that the commercial prepirations varv bv as much 
as 400 per cent Such v inations in the strength of most dnigs would be 
considered intolerable and there can be little doubt that more satisfactory 
therapeutic results would often be obtained if the thvroid preparations 
vrere more uniform in strength That lack of uniformitv does not cause 
more inconvenience is due largely to the fact that thvroid medication 
must, by its nature be peculiarlv individual tlie do e must be governed 
b} tlie degree of thyroid deficiencv of the patient and this can only be 
determined bv trials with different do es * When however, the proper 
do igo of a certain preparation in an indiv idual case has been determined, 
It would bo distinctly advantageous to be able to continue the same dosage 
if a fresh supply were pre cnbed At present even if the same firms 
preparation were prescribed the second order might be several times as 
active as the first Hence, it would be verv desirable for the pharmacopeia 
to fix a standard lodin content for the official preparation a standard of 
0 ® per cent would cem reasonable {Hunt and Seidell) This lodin con 
tent must, of course represent the phvsiologically active thyroid sub- 
stance and not the addition of other organic or inorganic lodin For that 
reason the chemical standardiaation by means of the lodin percentsgc 
should bo supplemented or controlled bv physiological standardization 
(the acetonitnl method of Hunt, the cretin method of Bismgor or quan 
titative determination of the thyroxin content) 

Tho lodin m the thyroid is both m the colloid and m the cells There 
IS a fairly uniform ratio of distribution two-thirds being in the colloid 
and one-third in the cells (Tatum Van Dyke) 

Relation of the Thyroid to Diet — It has been showm bv Watson and 
Burget (on the rat), Marine and Lenhart, and Gaylord and Marsh (for 
the salmonoid fishes) and Benslcv (for the opossum) that a high or other 
wise abnormal protein diet induces thvroid hyperplasia and marked en 
largement of the gland But this appeirs not to be true for the guinea 
pig (Loeh) In the case of the brook, trout this hyperplasia followed 
feeding with mammalian liver or uncooked mimal protein and was 
promptly stopped by feeding with fish or cooked meat JlcCamson was 
able to induce thyroid hyperplasia ra rats by feeding extracts of feces 

I ta e wet with one case of hyprthvroid in with intense intolerance to anr 
lorin of thyroid medication Thu la ther fore « factor in dosage in rare instances — 
Editor 
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can be gnen bjpodermicalh or intri^enonsh As measured bj tie effect 
on the basal metabolism on hypothyroid patients, the influence of a single 
injection of thyroxin is in eyidence fiom four to seven weobs after an 
initial latent period of two to four days The qiiautitj of thvroxiii 
obtainable from the thvroid is yery small Xot all the lodm in the thj-roid 
appears to be combined yvith thjroxin Keiidjll eatimitcs that there are 

14 milligrams of thjroxin m the body tissue (msn), cxclnaivc of the 
thy roid Plummer estimates that the normal human adult uses up from 
U 5 to 1 0 milligrams thyroid honnones per da\ Hence, the normal 
thjroid secretion should be at thxt rite 

Relation of the lodin to Physiological Activity of the Thyroid— 
Baumann’s discorerj of lodin in the thjroid stimulated an immense 
amount of yvork and ltd to the iccumulation of a hrge number of facts 

15 to the oecurrenco of lodm in the thyroid of various 'inimals, and in 
that of man, under yanoua conditions, both pathological and normal The 
fact that lodin can frefluentlj’ not be detected iii the thyroids of heilfbj 
individuals has led mvnj to doubt whether this element is a necessarv 
or important constituent of thcgHnd (cf Hunt and Seidell, Cirlson and 
Woelfel) From almost the beginning there has been evidence, not very 
conclusive, however, that the activity of the (hvroid when used as a drug 
IS do el^ dependent upon its lodiu content Thus, Roos in three erpen 
ments upon dogs found thit more nitrogen was excreted after the ad 
ministration of thvroid ricli in lodin than after tint of thjroid containing 
little lodin Oswald, m two expeniiientb, nl o found thyroglobulm rich 
m lodin to can e a greater excretion of nitrogen than did thvrOpIobulm 
poor m lodm Marine and TVil/tams found m two experiments that feed 
mg thvroid containing a larger percentage of lodin caused a greater loss 
of weight in dogs than did a preparation containing a smaller percentage 

Hunt and Hvmt and Seidell, m extended senes of experiments, m 
which the effect of thjroid upon tlio resistance of animvls to certain 
poisons was determined found a close parillelism between the physiological 
activitj of the thvroid and the lodm content They al-^o found that the 
lodm which accumulates in the thyroid after feeding lodm compounds is 
present m an active form, that is, m tho form cliaracteristic for the 
thyroid In the same species large tbjroids (goiter) contain i smaller 
percentage of lodin than small thyroid^ and correspotidtngh expre “ed 
juice from hrge tbvroids exhibits less physiological acti\itv than that 
from small thyroids 

Although further clinical tests are desirable, the above experiments 
offer almost conclusive evidence that /he iherapeuite lalue as iiell ox the 
ioxtc aciwa of thjraid prepamtianx tf directly proportional to the lodin 
content (Kocher) It is well established that feeding lodm in any form 
Ipads to a vapid meroa e in the lodm in the thjroid but it la not known 
vrbether the lodm thus stored is immediately incorporated as the physi 
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blood of thjToidectomized cats Melds a positive acctonitnl test — a fnct 
which seems to question the \alidit} of the test itself 

Basinger repeatedly transfused blood of normal rabbits into cretin 
rabbits ivithout observing am effects on the cretin conditions but when 
similar transfusions were made into the cretins of blood from rabbits fed 
varying quantities of commercial thyroid the cretin condition was in 
fluenced in tie same manner as ba feeding thyroid 

It is altogether probable that tho tb>roid accretion is present in normal 
blood, but in too small concentrations for detection This is indicated 
b\ some work of IVoelfel and Lnekhardt These investigators find that 
when blood from dogs with high lodin content of thvroid is transfused 
into dogs (previoush bled dry) with low lodm content of the thvrnid 
the percentage of lodin iti the thyroid ot the latter is increased This 
seems to show that there is a balance or equilibrium between the stored 
thyroid «ecretion m tho gland and the circulating thyroid secretion in 
the blood This gives us hope that the question of thyroid ecretion in 
the various types of thyroid hvperplisia may vet bo solved bv blood 
analysis The presonc© of thjroglobuhn m Ivmpli and blood coming from 
the thvroid gland has rcunth bwn demonstrated (Hiktoen and Carlson) 
Relation of the lodin to Histological Structure of the Thyroid — If 
lodin IS a necessary constituent for normil thvroid function it would seem 
that it would be equally neccssan for normal thyroid structure Never 
theless in etceptional cases in most snimaK and as a nile in some 
species, lodin in structurally normal thvroids is either absent or so small 
in amount that it canuot bo demonstrated b\ our best cberaieal tests 
Tho most significant findings m the relation of the lodin to thyroid struc 
ture are tho observations of Mann* Benslcv Loeb and others namely 
that most tvpvs of tliyroid hyptrplisia can be arrested and converted 
into a colloid or resting state by the administration of lodids m any form 
It IS now gcnerallv agreed that the simple thyroid hvperpKsia of endemic 
goiter, adoleocencp, etc can to a large evtent be prevented or controlled 
bv small quantities of lodids We are not permitted to conclude from this 
fact that the hyperplasia which is controlled in this wav is due to lack 
of lodin ill the food or in the body This arrest of hyperplasia miv be a 
drug action, of the lodin, or an evidtnce of a detovicating role of the 
thyroid, as suggested by von Cyon tho excess of inorganic or tosic lodin 
being converted bv the tliy roid into a non tosic or less toxic form Accord 
uig to Benslev, the thyroid hyperplasia induced in the opossum by ex 
cessivo protein diet is not arrcvtcd by lodids. 

According to Jones and Jones and Tatum, increasing the lodin con 
tent of the thvroid increases the stainability of the thyroid colloid so that 
the amount of lodin in the gland can bo in part determined bv the rciction 
of the colloid to ilallory s connective tissue stain 

The specific affinity of thvroid tissue for lodin is retained lu certain 
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from goiter patients But we are not permitted to generalize from these 
obser\ations, although thej are both interesting and important, for high 
protein diet, or feces from goiter (toxic) patients fails to induce thcbc 
thyroid changes in other species (cat) Evidently the thyroid stability or 
factor of safct\ vines greath in different species 

Feeding meat is said to reduce the lodm content of the thyroid This 
raaj be a factor in the hvperplasia 

Feeding thjroid, food rich m lodin or lodids, tends to increase the 
colloid m the thiroid, as well as the total lodm content in the gland 
Thiroids m the process of compensator} hypertroplii seem to form an 
exception (Ixieb) 

Hunt found that mice fed on oatmeal or on oatmeal and liver showed a 
much greater resistance to aeetonitnl than mico of the same litter fed 
on eggs, crackers and milk He ascribes this difference to a greater 
stimulating action of the oatmeal and flic Iner diets on the fhvroid 
ghnd 

Prolonged starvation or vitamin A free diets lead to degeneration 
and atrophic changes 111 theth>roid (Jackson, Tsjuji) 

Secretion lersus Detoxication — Bciisicx md others cUim to have 
identified tho thyroid secretion m the cells bv roicrochcmical methods 
much in the simt wa\ as the secretion granules or pni ecietion of the 
digestive glands ha^e been brought out b\ staining But the presence of 
the accretion as a normal element in tho bodv fluids has not been demon 
strated Our strongest evidence that the thvroid works b> the mechmism 
of an internal secretion rather than b\ processes of detoxication is the 
result of thvToid organotherapv m experimental and clinical hvpothvroid 
ism These results are capable of no other interpretation But this docs 
not exclude detoxication processes m tho thjroid, in fact von C)ons 
theory is partlv true Because of the special affinity of the thvroid for 
lodin, lodin compounds of all kinds — including the more or less toxic in 
organic lodids — are taken out of (he body fluids and turned into the less 
toxic thvroglohulin But this work can bo performed b\ the kidnevs as an 
elimination process, and at any event it is of secondan importance m 
thjroid phvsiologj for much of the thvroid function can be taken bv 
the dried and dead thyroid product. 

The Thyroid Secretion and Body Fluids — Probable as it seems from 
experimental and clinical data that the normal thyroid Yields a secretion 
to the body fluids, vet it must he admitted that tins secretion has not jet 
been demonstrated in the blood or the Ijonph, e\en m the ivmpli taken 
directly from the tlivroid gland The colloid observed, bv histological 
methods, m the thvroid Ivmphatics is probahlv an artefact Tho acetoni 
tnl test on normal blood of men and animals is negative (Hunt, Carl'on 
and lusskj) Even m cases of blood from exophthalmic goiter patients 
the method yields inconclusive results Trendelenburg reports that the 
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women there frequentU occurs •what maj be called a strictly pfavsiologiL-il 
bvperplasia at puberty, at tneiistniation and during pregnancy although 
some of the enlargement of the thyroids at these periods mav be simply 
due to increased vasculant\ The period of active groivth of simple or 
benign goiter is reallv a period ot hvpcrplaaia According to Jlanne 
ft colloid goiter represents a relatively resting stige of a prtMous hyper 
plasia. Finally in so-called tovit goiter or Basedow s di'>esse, there is 
usually proliferation of the thyroid cells increase in gland volume and 
gland va enlarity with decrease in gland colloid It mji fce considered 
as a general rule that the amount of colloid m (he thnoid is iinerseJy 
proportional to the rate of clH division and growth of the gland at any 
period 

In moderately severe cases of Graves disease Geveliu reports that 
70 per cent of his ca'cs showed a lowered «ugar tolerance llilder cases 
have normal blood su^ir Feeding thvroid to rav v dematoiis patients 
may induce hiperghcemia 

It must be noted in the dr^t place that mere increase in cells and gland 
Tiliime does not mean incroa ed activity or increase in the secri.tion A 
men fraction of the normal thvroid suffices to meet the normal needs 
of the organism This means (Int the thvroid under njrmsl conditions 
does not work up to full capaeiiv hence it should be possible to increase 
greatly the rate of thyroid secretion without increi e in the number of 
cells If, as seems probible, the thvroid a tivitv is governed mainlj bv 
the blood, doubling the thyroid voliunc would no more increase the thy roid 
ewrefion than doubling the kidney yolumc would incrosse the quantity 
of iinne The reytrse evperimcnt has not been made but yy^ predict 
that yvhen made that is when two healthy kidnivs are successfully im 
planted sav on the carotids m the neck the oiim totii of tho nnne secreted 
hv the four kidneys will be no greater than that secreted by animals 
oyvn kidneys before the implantation. 

In the second place gland cells m condition of active division and 
proliferation are probvblv not sufficiently differentiated to perform a 
highly specialized function And m the third place, we have as yet 
no reliable test histological physiological or diemical for the rate of 
thvroid actnity at least covering longer periods than ordinary crucial 
cypenments let the commonly aooeptiMl Aeoty to-day is that of Mobius 
namely, that the thvroid hjperplasia in toxic goiter represents thy^roid 
hypersecretion and that the hjpersecretion is responsible for the tone 
symptoms 

This last theory is based mamlv on three lines of evidence ( 1 ) symp- 
toms similar to the sjmdrome of toxic pnfer are produced in man by 
excessive thyroid administration, (2) patients with toxic goiter appear 
on the whole to be excessively scnsitivi. to thyroid administration (3) in 
many yases the symptoms of toxic goiter appear to bo at least partly 



ORGANOTHFRAPFUTICS 


CciG 

stages of malignant growths of the tlnroid, primary and secondaiy 
A\hetlier the lodin complex in these* th^roiil tumors represents the active 
th\roid hormone lias not jet been established 

Sweet and Ellis rtpoH that Tcxnoial of the external function (psa 
creatic digestion) of the pancrcis leads to ‘in increase of lodin and col 
loid in the thjroid glands 

Relation of Thyroid Hyperplasia to Thyroid Neoplasm — Thvroid 
h\perplasia predisposes to thvroid neopl'ism In dogs, malignant growths 
of the thjroids with Upieal hone, lung, and liver ractastascs ore not in 
frequentlv found on the basis of *111 old goiter ^\e bave never seen 
them start from a normal thyroid Jligcnemting thjroid tissue (compen 
satorv hyperplasia) mav show powers of luraaion like cancer (Loib) 

The line ot demarcation between simple hvperplasia and malignancy 
would seem to be metastatic growth let, something like metastatic 
spreiding grow-ths appears to a norrail phenomenon in the thyroid 
of fishes, where tho glands aro not surrounded bv \ comicctirc ti««ue 
capsule (Gudematsch) This has led to contradictions and confusions 
in the interpretations of the thjToid hvpcrplasn or Ihvroid cancer so com 
mon in salmonoid fishes, especially under domestication llanne and 
Lenhart regard these thvroid giowtbs as simple hyperplasia, smce thev 
respond to tho same measures that modify simple thvroid hvperplasias m 
mammals Craylord and ifarsL, on fjie other band, regard all stages of 
this hyperplsMa as malignant neoplasm This appears to the writer an 
extreme position If this vievy is tenable for fish, it should be equally 
tenable for mammals, in which case thvroid hvperplasia in man and other 
mammals becomes a cancer problem Guderoatseh has pointed out that 
the metastases of normal fish thyroids do not cause destruction of ad 
jacent tissue The same is certiinly true for simple thvroid hyperplasia 
in the higher animals At the same lime malignancv m the primary 
thyroid tumor is probahlv preMint sometime before metastatic growth 
occurs, so that a sharp lint betwceti simple hvperplasia and malignancy 
of thvroid growths cannot be drawn 

HTPEFTlIVKOroiSW, ExPSPIMEVTAL A^D ClIMCAI. 

Toxic Goiter — The effects of hjpothvroidism expeninental and elm 
veal, are clear ind their eontro} is pdrtlr m our hands through organo 
therapy This cannot be said of the eausrf‘s and effects of hvperthyroidisin 

if, indeed, there is such a thing as continued hvperactivitv of the thyroid 

with attendant svmptoms of disease Jlvptrplisia of the thvroid gland 
occurs m man and animals under many conditions TTe have seen that 
m some animals it may be expCTimentallj induced by the diet Ip 
- Some malignant growths of the thyroid are assiciated with the clinical picture 
of PTopiitbAlmie goiter— Ed tor 
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bound up mth the question of the cause of the hjperplasia It will 
probabH be found that we are dealing with a complex of causes (abnormal 
diet deranged metabolism specihc and nonspecific infeitions nervous 
disirrangements, etc ) That the hvperplasia in experimental animals 
15 pnmanly due to changes m the blood appcirs to be shown bj the expen 
ments of ilanley and ilarinc The transplant of a normal thvroid into 
an animal witli active thjroid hvperplasii becomes hvperplastic, and vico 
versa Pups from hitchts with active thvroid h;^perplasia are born with 
hvperplastic tlijroids or goiter (Carlson) 

The interpretation of the nature of thvroid hvperplasis m tosic goiter 
IS further complicated bv the fset that, in many ot the lower animals 
thvroid hvperplasia, histologicallv identical with that of toxic goiter in 
nun IS pre ent without any other of tho Basedows svndrome In fact 
prntaneous Ba edovv as well as spontaneous cretinism is verv rare, though 
apparcntlv not uuhnown, in animals below man 

The justification for this rather lengthv discussion of hjpertbvroidisra 
111 a chapter on Organotberapv is our desire to point out that the existence 
of actual thvroid hjpervccretion with consequent svmptoras of disease is 
still 111 question, also that it behooves clinical and laboratory workers to 
te t anew prevalent theories in the hope of reaching a clearer knowledge 
and a better control of a verv serious mahdv be it through organotberapv 
or other meisurcs 

kccordm„ to llarnie and Baumann the excessive metabolism and fever 
followiu^ removal or serious trauma to the adrenal cortex is prevented 
bv thvroidiotomv It this is true it would socm that the thvroid gland 
IS at least temporanlv disturbed (increased secretion) directly bj the 
withdrawal of the adrcoi! cortex hormones or bv toxins produced m 
other parts of the bodv m tbe absence of adrenal cortex function. 

HvPOTlIYKOlDlSU IS CniLDIIOOD 

Cretinism — The most inarke«l effect of the removal of the thyroitl in 
voung snimals and of its atroph> or injury in children is a cessation of 
growth and development botli phvsical and mental The changes m 
the skeleton are cspecullv marked there is a cc'isation or retardation of 
the normal oasificatioii of the cartilages The epiphvscal ends of the long 
bones grow slowlj, while the pino teal ossihcation ina^ be nomisl or in 
exotss The extremities are rclativflv short and thick the pelvis is «raall 
Ibis condition and the mn^culir dCoViiention arc rtspon«ible for the 
protnidm„ aMomon Abiiorra ilities m the growth of Imiio are largely 
responsible for tho characteristic shape of the skull and tliorax in cretins 

If the thvroid deficiency doos not occur until rather late in childhood 
tho above chingcs mav be ah ent, and the hvpcrtbyroidi m mav be evident 
onU in a cessation of normal growth 



CoS ORG VKOTHFRAPFUTICS 

controlled by surgical and mtdieal measures that reduce the th\ roid vohune 
and presumably the thjroid actm^ 

The most striking 8\Tnptom of toxic goiter is the greatly accelerated 
metabolism DuBois, Plummer and Boothbj, Means, and others ha\e 
shown that in scicre cases this may be int roased 75 per cent above normal, 
and an increase of CO per cent in moderately scicre cases is not uiicom 
mon In mild cases the state of metabolism may bo practically normal 
DuBois thinks that some of the other symptoms (tachycardia, high blood 
pressure, high temperature, nervousness) are m part secondary effects of 
augmented metabolism with the attend mt increased production of heat 
DuBois also showed that there is no conservative form of treatment of 
toxic goiter that reduces the metabolism rate to any greater degree than 
mental and physical rest Tliese measures may lower the rate more than 
10 per cent, yvhile in some cases ligation of the thyroid arteries actually 
increased the rate of metabolism 

Experimental hyperthyroidism Ins not vet b«en produced There 
IS no evidence that the rat, fisli, and opossum thvroids of Watson, ‘Marine, 
HcCarrison, and Bensley secreted in cxces^ It is tnie that excessive 
thyroid feeding, especially m man, duplicates most of the symptoms of 
exophthalmic goiter, but the same effects would probably bo produced 
by any other substance that bad a similar effect on the metabolism rate 
It 18 biologieally significant and climcallv important that, of all animals 
so far studied man is the most susceptible to the deleterious effects of 
thyroid feeding The attempt of Cannon to indueo hyperthyroidism by 
union of the phrenic and cervical sympathetic nerves has already been 
referred to 

There are not wanting other interpretations of the nature of thvroid 
hyperplasia, especially in toxic goiter The most important art the per 
verted secretion theory and the compensatory hvpertrophy theory, espc 
cially as elaborated and upheld by Marine According to Mamie the 
hyperplasia in goiter is a response of the thyroid to an increased need 
of the body for the accretion in cons>equence of some disarrangement m 
the general metahohsm, in fact, despite the increased secretion in toxic 
goiter, there may be an actual thyroid deficiency owing to the greiter 
jieed for the secretion On this theory, there is room for at least a careful 
experimintal thyroid organotherapy in toxic pjiter , and, m fact, 
resitlts from thyroid feeding tn toxic goiter haie been obtained hv com 
feteni clinicians If the thyroid hyperplasia of toxic goiter is not pn 
maiy, hut compensatory in nature, we expect tfav roid feeding to reduce the 
hyT^pIa^ia Loeb has shown that the true compensatory Jiyperplasia 
following extirpation of the larger part of the thvroids is prevented bv 
thyroid feeding It is not prevented lodids, thymus, or tethelm 
feeding 

Tho nature of tho thvroid hyperplasia in toxic goiter is, of course. 
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Complete thyroidectom} in c^permiental animals appears ti prevent 
sexual maturation entirely and thus leads to sterility 

The cretin ajTnptoms following complete tlivroidectomv in the joung 
but otherwiso normal animal do not appear until late after tho operation 
(three to six weeks or longer) 

Spontaneous cretinism is rare in the lower animals In man it is 
sporadic as well as endemic and in either case it mav be congenital or a 
matter of gradual development after birth (primarv atroplij cvstic or 
colloid degeneration) The physiological state ot the maternal tlivroid 
during gestation influences the thyroid of the fetus. Thus if the mother 
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aFTER DlSCOHTIIOlMl TUB TUTROID Tbe&tment (Basiii r ) 

has marked thvroid hjperplasia during pregnancy the offspring is born 
■''ith cnlar^jCd thjroid on the other hand simple colloid goiter m the 
mother has no influence on. the fetal thvrouls It is also reported that 
complete tliyroidectomy in the mother leads to thvroid hvpcrplasia in the 
offspring 

The thyroid hjpcrplasia of the joung from mothers having active 
thyroid hvpcrplasia during pregnancy is probably not an instance of tni 
inheritance, but a matter of fetal environment The same conditions that 
induct the hyperplasia in the mother, actin,, through the blood produce 
the same effect on tho fetus Hence it is pnmarilj a humoral, not a 
uervous effect But there maj ahrfi be true inheritance factors in both 
simple and toxit goiter 
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The hair on the piihig and in thp «ixilla; is scanty or absent, and the 
setual organs are poorly developed, while piibcrt\, if it occurs at all, 
IS late The skin in children 13 often mj^edpinatous iletabolism 13 
much depressed (.Bcrg^n-mn, iTnnsfield, DuBois), and the oyvgen ab- 
sorption and nitrogen excretion mu be but one-half that of the 
normal 

It IS difficult, honever, to distinguish between priman and secondarj 
effects of injuries to the tharoid The latter canst* Ttiarked changes in 
the nutrition and metaholism, and tliesc maj be the immediate cause of 
some of the abnormahtus non ascribed to tho direct influence of the 



thjroid There is evidence that hjpothiroidism leads to increased groirth 
of the h^poplijsis, the adrenals, and the islands of Langerlians m tht 
pancreas We cannot at pnsent saj ivhether or not these changes an 
compensatory in nature Tlie CMdence seems to bo to the contrarj, at 
least 43 regards the changes m the hapopbasia 

The effects of thjroid insufficiency upon mental deselopment are no 
less striking than those upon physical development the pitients are apa 
thetic, the expression is stupid, and idiocy frequent Ihere is evidence 
of de 'cneratnc changes in many of the organs and especially the muscle 
The fattv de^jeneration of the muscle is, at least m part, responsible for 
the feeble heart, muscular weakness, and characteristic “pot b( llv ” There 
is also decreased resistance to infection, and, strange to saj, increased 
susceptibilitj to tbjToid administration 
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corpuscles are common. There is lowered resistance to infp<.tiou ’Uetab- 
oiismmi^ he depressed carholi>dratetoliraiicf isincreiatd Uogencratiro 
olisugea ni the otanes and teates. hnve botn described 
Thyroid Administration in 
Hypothyrcidisio ’—The most 
marhed effects of the adminia 
tration of tinrojd are eon in 
ca»eB m wLich the thyroid la 
aWut or deficient and it la 
upon the results m such cast s 
th It tlie therapt ntic w'o of th> 
roitl IS based Fresh or dried 
entire thvroid has ao f ir s itld 
ed as good or tron better re 
suits than various isohtion 
products of the ghnd siicli «« 
thtroiodin and Uivroxin 
Administered lu appro- 
priate doses to cases of sporadic 
cretinism and infantile mvxe- 
demt, there is at first i loss 
of weight nith improiomont 
of the akin Cyanosis dis 
appears and the blood he 
comes normal Growth both 
bcKhlr find mental rccom 
oieoccs and maT take an nlmost 
normal course The hair 
j.rows rapidly and becomts 
gio sv the teeth and uaiU also 
gton There is a distiuct aiecleration of raetabolisra The mental 
imprmeinent is most rairkeil iii soim^ eliihln.ti SimiHr results 
are obtained in cretinoid onimala (Pick and Pintles Btsinper and 
otiien) 

In complete absence of thyroid tisane no amount or duration of thNroid 
adrainntration will bring the final growth wp to the uorma! Thynxd 
orya-M(htrainj is thfrefore not a rom/t?f<e subdiluie for the htin/j OTfjan 
This 13 not surprising m -view of tho extensne d^gi ncration found in 
practic-illy all ihc organa in absolute tretroi m 

Many attempts hue been mule t> atimiiluto growth in conditions 
other than cretinism b> llnroid adnisnistnrtion Thu« it has been cx 
ten«ivelv tried in idiots and Iwkward childrrn. It has been administered 
in cases of dela'ed union of fractures on the Uieory that it would hasten 
union hv stiraulatioQ of the spccibc bone metabolism 



Itnd I” o< DO mat latlpo) (total hngtli 9> 
mliinetrs body length 23 miliimct rsl 
1 wiRr norcoal cartil ge and bone forination 
b hind leg of th) Oldie a tadp ie ((otal length 
sn m Km t r boli i ngth miltiinet ril 
I ow nc d fei.ttve ciirtlt«”e and boot forma 
ti n (Terrj ) 
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Hunter found that thjroidectomized sheep on starvation showed no 
starvation acidosis, but tboj excreted more nitrogen tlian the controls. 
Thej showed no diminished oxidation, at least as regards piinii cvtaboh^in, 
but the sugar tolerance appeared to he increased iraiisfield and Ernst 
state that there is no inerea'sed rate of protein catabolism in experimental 
fevers m thjroidectomized anim^ils According to Homiig complete 
thvroidectomv in eats and rabbits has no effect on the cpincplirm content 
of the adrenal glands unless parathyroid tetany develops, in which case 
there is a decrease in epinephnn But in the eat, foxing large quan 
titles of raw, ox thyroid incnreascs the eptnephnn content m the gland 
h\ more than a third, Hiura states tliat thyroidectomy does not influ 
uice alimentary and phlonzm glycosuria in the animal, but diminishes 
somewhat epinephnn glvcosuna Contrary to earlier reports (ronnd) 
thyroidectomy does not appreciably influence pancreatic diaktes 
■iuschemho has described certain changes in the phosphonis and lipoid 
content of the blood and organs after thyroidectomy in animals 

IlyroxnyroiDiSM iv the Adult 

Myxedema — Thyroid deficiency m the Lunnn adult is seen most 
typically m myxedema, which is characterized by physical and mental 
inertia, and by changes in the skin, depressed metahoh«m, etc The slin 
18 white and thickened, due to the growth of granulationlike tissue and 
an infiltration with a substance resembling mucin, the secretions are 
scanty or absent, the skin becomes dry and rough, the bur falls out 
There are frequently abnormal sensations of taste, smell and hearing 
The temperature is subnormal and the puke alow and weak There arc 
diminished oxygen absorption and carbon dioxid secretion, there is a 
tendency to obesity, although the patients usually eat little The metab- 
olism 18 depressed to a greater degree than in any other known condition 

Tusk states that it is possible to explain the reduced temperature as 
due to disturbances m the neirous mechaoisra of temperature regiilitiou, 
and that the lowered temperature may be an influence in reducing the 
metabohsm of the cells The coagulation tune of the blood is stated 
to he shortened (Lidskey) 

The effect of thyroidectomy on adult animals is variable True 
myxedema rarely if eier deieloped This leads one to question whether 
myxedema in man is pure hypothyroidism Jfonkeys do not show con 
ditions analogous to myxedema in human beings, at least for months or 
years after the operation (Munk, Kishi, "Vincent and Jollv, Halpennr 
and Gun) l-Iany adult mimals show little change after the removal 
of the thyroid, although eczema, conjunctivitis rhinitis and other indiea 
tions of catarrh of the respiratory passages, and especially emaciation and 
diminution in the number of red and increase in the number of white 
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tte urine The consumption ot ma> be inorensed 70 p<r cent 

The tcinpcr_ lire nscs the pul c rate is iiurcjsed there is usiialH a 
striking los} of ueight due to the diaappcirance of the inv’sedcmatoiis 
infiltration and loss of fat The entire metabolism is brought hick to the 
norma! leiel or raised slightly aboae the normal The skin approaches 
the normal sweating which is usuilly cntireli ahsint m mwrdcina, 
becomes po'-sihlo The hair grows igwn nenstmatinn leippcirs the 
bowels become regular, the mental condition i& much impiovtd Theso 
changes begin in three to four wetks with the nsu »1 dnsts ot fhiroid 
The first mixidematous patunt treated with tlnroid rvtracf In Dr 
iliirrai, beginning died m 1 f2t> During th» c twenta niiiL years 



Flo 4 C— Trowth Cvbvcs or Toi » Normcl ( iistpil Tsiiuits Two An olute Csmas 
ASD Six Ad oluie CBEtias Tbsssfi in lirtstEutv with Htpebthtroid Bloob 
‘'racn (Ps n„ r ) 

the patient enjoved ordinary good hnlth and the myacdiini y\ is kept 
under control by continuous thyroid Itelin-, 

Tho maiked change in thi skin m cises of inyxcikmi produced bj 
the administration of thyroid liaye Kd to the cxtensiM trial of this sub- 
stance In other abnonnal conditions of the skin 

Thyroid Feeding in Conditions of Mild Hypothyroidism — In addi 
tion to the aboyo conditions m which tliero is ohyiouslv aiycrc thyroid 
deficiency, then, are a number of conditima of hipothyroidi in of a leas 
seiere type But it mu«t be admitted that the diicno is of hypothyroidism 
m borderland oi cs’ is at pnsent nry nncertnui Loclier statis tbit 
^sny cases yvhich hnye been treated for anemia chhrosis «erofiih 
ncnonsncss and disturbances of men tniation eein to him clearly to b 
cases of thjpoid deficanc} He al o calls attention to the ca es in yvhioh 
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Administered to cases of m>^cdemn of c-iclievia th\rcopn\a, the 
mj'sedematous condition largely disappears There is a marked increase 
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m metabolism Tbo excretion of nitrogen m the imne mat be incn“i»cd 
100 to SOO ptr cent This increase results lorgelj from the increased 
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Fio 4B — Growth C dbtes or Ioti» ^oaMAI. Co-itsol Rabbits Fite Absolote CsEntfs 
AND Eirnr -A bsoi-Ote CREnNS Feb ^A'WABD U S P Tbtroid Etfract (Basinger) 

intake due to unproved appetite, but there is usually a true loss of nitro- 
cen There are no atriLiBg changes m the partition of tho nitrogen m 
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the unne The consumption of o-n{,en ma^ be incrciied 70 per cent 
The temper^ ure nsos, the pnl e rite is inert i«ed, there is iisiinlK a 
«tnkmg loss of \iLip,ht din to the di ippearante of the mixcdernitmis 
infiltration and loss of fit The entire metabolism is brought hich to the 
nonnal level or rai«ed sJiglith ibovc the normal The skin ipproachcs 
the normal, sweating %\lijcb is usualh tntireh al ent in nnxcdtraa, 
bicomes possible The hair grows a^iin nenstniation rtippeirs the 
bowels bernme regular tin. mciiti! condition is miieli impiovcd These 
changes bif.in in three to four weeks with the usual doses of tlnroid 
The fir t nivtcJimatous patnnt treated with tigroid iKtnif In Dr 
Alurrav be^L^inning 1801, died m 1 )2U During thwsc twciitv nine wears 




M 

m 

WOB 

mm 

m 


gn 


9RB 

2S00 

2200 

2000 

ISOO 

1600 

moo 

1200 

1000 

500 

600 

400 

200 

■ 

■ 

■ 

m 

Hi 

m 

H 

■ 

■I 

■ 

■i 

m 

a 

U 

a 

a 

a 

H 


-j 

_ 

_ 

_ 

_ 

■ 

■ 

PM 

a 


m 

E 

a 

■ 

a 

a 

a 


a 

a 

a 

m 

■ 

m 

IB 

a 

i 

- 

- 


- 

- 

_ 








a 

m 









■ 

■ 

■ 


r 


IS 

a 











■ 

■ 

■ 



a 

a 












. 



L 

L 

u 

















/ 







m 

f 

iB 


_ 

_ 






r 





m 

B 

5 







/ 





iU 












■S 

m 


■ 




a 

a 











m 









_] 






■ 

m 

■ 


























_ 


n 



_ 


_ 


li 4C — C’Howrn CtavEs or Font Nobuai. f o TSUI FtoPirs Iwf An olcte Csmas 
AND Si\ iBSOllriE Cnmas TlttSSItSEO rfcPtlTEDLV WITH Htpebthtroid Dlood 
''eelm (Ba no<r ) 

the patient enjojed ordiuarv good health and the mvxedemi wis kept 
under control In continuous thvroid fietlnic. 

The marked changes in the km in ca ca of inwedinii piodnced by 
the administration of tlnroid have led to the extensno trial of this su^ 
stance in other abnormal conditions of the skin 

Thyroid Feeding m Conditions of Mild Hypothyroidism — In addi 
tion to the nhore condiCiont in whwdi there is oUioinh «OTcre thvroid 
dcficiencv (here arc a number ot conditions of hvpotlnroidi«m of n less 
scverotjpp But it must lx ndmUled that the diaguosia of Inpothvroidi m 
lu borderland cases’ is at pre ent sen imecrtim Koclier states that 
manr cases which haie been treated for ancmio chlonsis scrofula 
uinousiic and di turbauecs of men tniation seem to him clcarlv to lie 
ca C8 of thjToid dcfieicncs He also calls attention to tbe ca cs in which 
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cbildren show retarded growth wifli no apparent cause The favorable 
results following the administration of thyroid make the diagnosis of the 
condition clear ilanj of the cases of mild thyroid deficienev show, 
according to Kocher, verj definite symptoms, among the most marked 
of which IS a feeling of inhibition preventing the subjects from accomplish 
ing that which thej desire They are incapable of continued effort, such 
as reading, writing, and even speaking, tUe% become ^hy and avoid society 
They are indifferent to food, and neglect going to stool Kocher states 
that improvement follows the ndministration of thjroid in such cases 
Kocher mentions many other sj-mptoms duo, as the effect of thvroid 
treatment appears tot show, to slight thyroid deficiency Among these are 
fatigue from slight CTortion, although muscular development is good, 
slight swelling of the evelids, lips and cheeks, tendency to ohesitv, and the 
appearance of local accumulations of fat, swelling of the joints, so that 
patients frequently state that tbcj suffer from gout or rhciimatim, 
paresthesia, especially feelings of stiffness Sometimes the skin has a 
vellowish tinge, suggesting chlorosis. Pigmentation of the skm is fre- 
quent, resembling that «een in pregnanca , the pigmentation in the latter 
condition may ho due to relative thyroid insufBcicncv The pigmentation 
often disappears under the influence of tharoid Kocher raises the ques 
tion whether the effect of the thjroid in such cases may not bo due to 
an effect upon the suprarenals or other organs of internal secretion 

Further changes m the skm and its appendagts, upon which Kocher 
lays much emphasis, are drvness and coldnc«s, with little tenden'*\ to 
sweating, the drjmess of the hair and its tendency to fall out, the tendency 
of the nails to crack and of the teeth to caries 

Kocher warns against a«cnbing more scyere skm diseases to a condi 
tion of hypothyroidism, although he states that eczema, ichthvosis, etc, 
are especialh prone to occur whcie the nutrition of tlie akin is deficitnt 
as a result of hypothyroidism 

Individuals with these mild degrees of hypothyroidism are sensitive 
to the cold The coldness of the skin is due to sluggish circulation, which 
is also evident from the weak pulse 

Kocher states that marked improyement occurs m such cases as the 
above within a week or ten days (sometimes even in twenty four hours) 
after beginning the administration of thyroid Similarly lientficial results 
are stated to occur in the aged, when symptoms of thvToid hypofunction 
result from tho gradual deterioration of the gland, and in pregnancy, 
when the thyroid may he unable to meet the increased demands mad© 
upon it 

Various chronic diseases and intoxications (tuberculo is, alcobolisni, 
and sometimes sy^ibilis) may injure the thyroid, so that a mild degree 
of hypothyroidism results, here again thyroid medication may be of 
benefit 
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‘^toeltzner states that nidimcntir} forms of infantile m5-tedema 
characterized by cessation of growth, excessive fatness, etc are not 
uncommon, tbej sometimes follow infectious diseases or traumatism 
In such cases, thjroid causes some improvement Simpson reports favor 
able results m man\ cases of infantile wasting 

Effects of Th3Toid Administration m Normal Individuals — Similar 
effects upon metaboli«m, but less marked and le-s constantlv obtained are 
produced when thvroid is administered to iiornul individuals and to nor 
inal animals The effect in normvl animals is largely a question of 
quantities of thvroid given, and ol the species man being the most sus 
ceptiLIe And there are great individual variations in the susccptibilitv 
to fhjroid among apparently normal ptrwms Ihe absorption of oxjoen 
and the excretion of carbon dioxid mav be increased 10 to 20 per cent 
althjugh in some cases there is no increase The excretion of unnarv 
nitrogen mav be incioucd 20 to 50 per cent wsuallj it w kas, jnwclv 
depending on the character of the diet The ch 1155,6 m nitrogen metab- 
olism usuallv occurs trst that in total metabolism occurs later (in the 
course of two to throe weeks) Increased destruction of protein cannot 
alwajs be prcTciited bj the administration of non nitrogenous food 
Hewitt reports, however, that fresh thvroid fed to adult rats in do«es 
of 0 25 gram or le«s per dav, leads to increased food consumption and 
bnd) weight, while larger dosc» have the opposite effect Large doses 
of thyroid or thjroxin deereise the rate of grovrth in joung rats and 
rabbits, cause hjportiophv of the heart liver kidnevs and adrenals 
(Hoskins Cameron and Carmichael) Feeding thyroid to voiing nbbits 
stimulates the bone marrow (Lim) Thvroid fccdirij, m rats is said to 
produce tetany (Cameron and Carmichael), and a decreased nitrogen 
andga cous metabolism (Kojimi) 

The excretion of phospbonis and of sulphur is said to bo increased 
There is, in man, usually a distinct incrca'se in nervous excitability with 
attendant circulatory and other disturbances Giidcrnstsch found that 
fcidiUj, thvroid to frOg tadpoles grcatlv accelerates the metamorphosis 
whilt. growth is ictuallv retarded This docs not appear ah oluteJv pccific 
for the thvroid substance, as Morse and bwin^le obtained the same result 
With iodized blood albimin and Ahderlialden with thyroid protein 
hvdroljzcd down to tho amino-icid stage According to Lim thvroid 
fet JiHq stimulates general cell mitosis in the tadpole 

No other organ his such marked effects upon metabolism and manv 
attempts have been made to utilize these effects therapeutically 

Indications for Use of Thyroid — ^The indications for tho use of 
thvroid are clear in those ca cs in which there is a deficiency m the normal 
secretion m other cases however its adrauustratioii must be largclv 
detenniuod empineallv and it must first \ie shown that the type of 
increasid metabolism induced bv thvroid feeding is really beneficial in 
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riscsulicrc tliero is not dtpiissioii of mofilxihsin iluo to tlivroid (Uficicno 
Iho mode of action of tli>roul iijwn metabolism is obseiiro Sonjo Wioie 
tint it stmmhtcft tlic cells dimtlj to mertasod activity, whereas others 
think that the cfFi ct is prim inl^ upon \ irious p irts of the nervous system, 
tho stimulation of whith causes men iscd activity which results m in 
(rnsid motilM)lmm Iji support of flu latter view, Aiulrrsoii and Herg 
imnn state tint there is no increase in the csrlxin dinxid output when 
thvroid IS 'idnuuistercd to n ptrnon kept m a perfect quiet 

iJiat exees«HO amounts of thyroid do increase nervous irritability 
IS gLiicralh accepted on the bisis of observations in Oraves’ disease and 
tin results of idmiuisteriUj, larj^c doses of thvioul JligniisTevv be* 
JievLs tint tJjfrt an it indnidiial (h/Ferene<s, hut tint ttt some cases 
tin re la sti inemstd mifilioliam of tbc rcatiii^ cells It is evident that 
tho froliition ot this prohltm Ins iinjiortsiit boirings upon the ii«e of 
thyroid to uitluetice ini tahohsm, if tho thyroid mercasts jnetaholism onlv 
indirectly b} euning through fitiimilatioii of tho nervous svstem, increased 
activitv It could, for example, 6circ<l> lie considered ii good triatrncnt 
of obesity, at least m tho«c foims m winch thyroid deficiency is not a 
eiusiif factor 

Lxcessivo doses of tliyroid have marked effects upon tho circulatory 
and nervous systems, hut these arc of nitcreet chiefly in ciiimction with 
tho toxic action of the dnig, they eJo iie» art) tlu npoutia u*o for 

it fppingcr, bulta, and Iludiivcr attribute many of these effes-ts to 
inereased irritihilitv of tin syiiip itlictir nervous system Zondek and 
Irnnkfuitcp state tint fhvruid extract and lodofhvrui enuse hroiicho* 
constriction and dilatation of tho hmg cipillaries 

Tinroiii Ol^v^e>^lIlJ<\ll in Oriirit Comutions 

Thyroid has hocn given in many loiiditious that have not vet liccn 
definitely shown to bo ciusexl by thyroid dcficiemy In anrno of these 
thvroid deficiency is mcicly siispcxitcd, m others thyroid is apparently 
used hcfanse* tho symptoms resemble some of those oocumiig in hypo 
thvroidism Among fhc‘>o conditions ore various disturbances of the skin, 
especially the dry scalv varictiess Jims it has hern ncominended m 
ttzcim, especially that of csrlv childhood and of old age , it lias I'ccn 
used in psoriasis, chronic urticnna, pemphigus, icythvosis, and sclero 
derma In the latter condition the tliyroid has Bometiincs bcrii found 
atrophied (Wells) 

ihvroid troitment has been tricMl in the toxerai is of pregnancy on the 
theory that the intoxicition is due to thyroid dehcicncv Jins theory i* 
lughh improbable, as the syndrome of hypothvroidism does not at all 
resemble pregnancy toxemias 

It has been used in various disturbances of the joints, such as artlinti® 
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deformans, irrefjnlar gout, chronic rheuniati«m and indefinite rheuma 
told pains Among recent writers Levi and Roth rhild Him o«ptciall\ 
emphasized its xaluc m certain forms of rheumati m of children in 
these the th>roid is fre<juentl\ enlir»,cd (Clemens) It has al o been 
used in ca es of migraine and neuraltna cspecnllj in those issoci ited 
with men truation Thyroid hss found extensno use in i mous disorders 
of mcnstniation Experimental and clinical work has shown that the 
thiroid IS necessary for the proper deaclopment of the j,onids the g< nital 
organs and for menstruation Further rclationu between the thiroid 
and the female sexual organs are suaz^sted by the more freijuent oectir 
rence of myxedema in women sftcr the climacteric — cspccialh in those 
who have borne children — tlie more frcijueut occurrence of i xophthalniic 
goiter in women, and by the cnHr,,ement of the thyroid during mcn^t^n 
tion and pregnancy It has hren recommended in imenorrhci when other 
causes cannot be detected and especially it there is i tendency to obc«it\ 
or myxedema Thjroid m hrge doses has lx in u id in uhmpsn 

Ihc influence of the administntion ot thyroid upon the dcfcetiyc 
growth of hono in cretinism sUp.^csicd its « i in drlntd union of frie 
tiircs some writers hxyo rcportcil 1 noribli r< suits Birehir reports th it 
tho administration, of thyroid to MUing onimiN dcliMd bone growth this 
was probably duo to exce« i\e do es He d<i<s not Iclicye that the effect 
on bone growth 111 cretinism Is sp'cihe Tlnmpsofi and iiwxrts coiitnrj 
to some, did not find thyt rcmovil of the tlnroid delayed the lieiliiig 
of fractures It has been aid to hue good results in rickets Glo «o 
proposes the theory that arthritis with accompanying di turbunces of 
protein metabolism is due to lack of thyroid secretion wmch he «m 
siUcrs, under normal conditions to act as u deimidizing agent 

Good results haye been reportnl from th« use of thyroid in hemopluha 
It IS said that the prclirninari adinmi tntion of the drii„ rendirs ncccs 
sarj operations (extraction of a tooth fir example) safer Such results 
must he doubted, for the coigiilitioii of blood is said to l>e distinctly de 
layed m Grayes di pa«e and experimental Inperthyroidi in (and to bo 
accelerated in conditions of hypothyroidism) Fnzicr nnd Pert ha\e 
rctenfh reported the cure of a case of mteniaf liidroeepImJiis In thyroid 
administration They were led to usi this treatment li their liluratory 
findings that thyroid extnet dcereisis the rate of formation of errebrn 
spinal fluid This obscryation is probably erroneous (Beclit and ilittill) 
The marked mental changes piodueed by the admini tration of ihiroid 
in my'xcdema and cretiniMii ba\e led to the u'hj of tlnroid in yanoiis 
other types of in uuty, mental di turbamea epilepsy cti The results in 
cirtain eases of beginning mclanebolic m initics are stated to ha\( Iwn 
It IS interesting to note in this connection that i yery large per 
«nfage of patients yvith mental di ea cs his abnormal thyroids and that 
Grafe has found m certain mentil di oa es a true retardation of metabo- 
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lism (heat production 30 per cent below Jioniial, for example) which la 
eiifegcstuo of a condition of lijpotbjroidisin Koss administered tliyroid 
to four deraentja pnccov patients and found an increased excretion of 
total nitrogen and of crcatimn — tins m evidence of li^pothvroidism as a 
factor in this maladj 

Space docs not permit, and in mnn^ cava tlio clinic d reports arc toi 
incomplete, to tvahioto the alleged favorable results of tins purely cm 
pineal thvroid orginotlicripy, but the following comments eeiin war 
rintod (1) If there is in the patient sufDcicnt livpoth^roidism to iiidiico 
amenorrhea, mental disorders, skm lesions, defective bone mct.ibolisni, 
lowered resistance to infection, etc, there must bo other indubitable signs 
of thyroid deficiency, such ns lowered basal metabolism (2) Unless these 
conditions arc due to hvpothyroidisrn, administration of th_ 5 rf)id to the e 
patients will, on the theory of llobnis, induce a slate of hyperthyrordtsm 
and there is no evidence that tins condition has a favorablo jnfliiciice on 
any imlndj (J) There is no evidence that the augmented metabolism 
induced b> thjroid administration is beneficial in any other condition than 
cretinism and myxedema Iforcovcr, a getienl increase in Ixidv met fix)- 
ham can bo induced b^ dietetic and hygienic measures, told bitlis, oxer 
cises, etc (4) Hhcii tlic fiultiirs art balanced ocuiist the favorable 
results m all cobcs of empirical thyroid organotlicrapv, there is little 
basis left for tho belief tlmt the thyroid treatment is really responsible 
for the latter 
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Transplantation —The cirliest attempts to combat deficiency were bv 
the transplantation of normal thyroid Ihis mctiiod has snooceded when 
the thyroid is transplanted to another region of the same individual, it lias 
been less successful when the gland is transplanted from one animal to 
another of the same species It i**, therefore, of experimental but of liftli- 
or no practical clinical importance It has been recommended m eases 
in which thyroid feeding docs not produce notable improvement, as is 
usuallv the ease in endemic cretinism (cretinic degeneration) Ivoclier 
states that ono advantage of tr msplantatioii is that the body can regulate 
the amount of secretion according to its needs, but that is not true of a 
tlivroicl graft from another mdnidual, eien under the most favorable 
conditions (Jlanlcy and Marine) 

Subcutaneous Injections — Murray (1891) iiitrodiictd tho method of 
treating myxedema b\ the sulieiitantous injection of glvceriii extracts of 
tliyroid, the extracts were obtaiwd from sheep and calves, and were pre- 
served with phenol lluy fre<nuutly caused severe local reactions This 
method has no advantage over feeding the thyroid by month, but manv 
disadvantages It should never be resorted to Thyroxin mav be given 
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mtravenoush or li^podermioallj Lnt this tlierapv has uo adrnnta^ over 
thyroid extract feeding, and is at present very expensive for the patient 
Administration by Mouth — A verv important advance in thyroid 
midication was made in 1892 \\hen Fox Alackenzic and Hovvifz ilmost 
simultancouslv announced that favorablo results could be obtained m 
mvxedema, by the administration per os of the fre h or cooked thyroid 
The use of cooked and fresh glands was soon practically replaced by the 
ii'iL- of the dried glands and of various extracts Some of these have 
re eiicd recognition in various pharmacopeias 


Officiv.l Axn OxHEr Ppepahations of Thvroid 

Pharmacopeial Preparations — Desiccated thvroid gland is recognized 
in the United States Pharmacopeia (VIII, 1905) under the name 
OlandnlT Thvroidin Sieti; It is directed to be obtained from the 
sheep and to be freed of fat, and powdered one part represents approxi 
tnately five parts of the fresh glands Tests are included to insure the 
presence of lodm in organic combination and the absence of inorganio 
ledin The average dose is given as 0 25 gram, or four grams 

Tablets — At present thvroid is administered at least in this country 
chieSv as the dried powder which is usually prescribed in the form of 
tablets Such tablets are very convenient and svtivfictory if they are 
tvell chewed but their use has led to the utmost confusion as to dosage 
ilany physicians both here and abroad speak of prescribing so many 
tablets without, as a rule specifying either the size of the tablet or 
the maker, others speak of prescribing two or five-grain tablets’ 
Without specifying whether the weight refers to the total weight of the 
tablet (that is the thyroid plus the excipient) or to the thvroid alone, 
and in the latter case, as to whether tht weight refers to the fresh or 
dried gland Others specify «orae mamifactumrs tablets’ without fur 
ther particulars How inexcuaably inexact such procedures are is evident 
from such facts as the following Mauv manuf icturcrs prepare several 
tablets of diflercnt sizes one firm for example lists one-half one 
and one half, two and ono-half and tve-grun, and ono-lenth, and three- 
tenths grim tablets’ which of these tablets the patient received when 
•he phvsician states that he administered this finns tablets it is usually 
impos ihle to determine 

The confusion as to dosage is still further mcrcaieJ bv the fact that 
different finns use different methods of expressing the amount of tliv roid 
in their tablets Thu« one firms five-gram tablet contains two grama 
nf dtsiceitcd thvToid another firms livc-grain tablet means that each 
tablet contains the equivalent of five grains of the fresh gland One 
firms two-gram tablet inians that each tablet is equivalent to ten 
Srains of the fresh thvroid another farm states that one grain of their 
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(Ir\ tiuroid represents cjclit gnms of the fresh (^Innd There c-in be little 
doubt tint, uhen some plnsicnns write of prescribing a five-gram tablet 
of drv tlnroid, tlicv reall> ptcstnlio n tablet cotitiming the cqiinalent 
of file griiin of fresh tlnroid, or one fifth of wlnt the reider mij bo 
led to suppose 

Since some “commorcinl” tihlcta eoiitim tuciit\ times ns much 
tlnroul ns other tablets and since some prepintions of tlivroid arc 
four tunes ns attne na others, then, is n jio'i'tiLthltj of one “tablet’ being 
o<ju'il, ph\siolQgicnllj, to eights other “tibkts”* 

Extracts and Other Preparations —Tn addition to tin iilxno, there are 
a number of extracts nnd other preparations of the thvroid on the niirket 
The term extrut is freejuenth applied to the dnid jiowder, a practice 
often kiding to confusion 

Thi/rotdin l/c«A — Ilcfirinec to this prcpiritton is frcijuontl) made 
m tlu literiturc It is drieil th\roic! t grim of which is npiivalcnt to 
oiu frevli sheep tlnroid of medium sire one pirt njm’sonts about six 
pirfs of the fresh phuid 

Thyroidtn Ao/iiii —This is a prcpsntion of the proteins of the thy 
roid stated to Ik. cspe<.nll^ useful for hv|>odennstic injection The dose 
pir oa IS one sixth of a grim ln|V)iUrmalicill\, 15 inmiins of n 5 per 
lent solution 

Thijroxxn (Kcxufatl) is in imifncturi d under Dr Ivciidohs 

direction b\ Squibb It is a crxsfallme sulatsnci eontiming 0 > per cent 
lodm Ihe do c iB one or more millignms ihpcndmg on the degree of 
hipofunetion of the piticnl s fhiroid Squibb also puts on the inarhet a 
form of tlnroxm not completeh purified 

Untoward Effects and Contraindications- — Untoward elTiots not in 
frcqnonth follow tlio incdicni'il iiso of (hiroid Uici'oarc honever, great 
induidml difTcrenees m siiscoptiliilits Children an stated to be less 
senaitivi tlnn adults , ;«1 tents wi//« myxedema os ui?l os iiilh toxic goiter 
are tcsiiatlg hypen>e>i‘!ctiie 7%/s app^tes af'ic to exftenmenfal crclins 

Among tile milder ssmiptoms rcporUnl frem oscrdoscs, the long- 
eontiniiod itsi of siinller doses, or iii cspicialh seusitiM nidisidnals, are 
flushing uith i/iercjsed swcitin^ fiiJJness of the hrad with pilpitiifion of 
tlio hoirt, tflthvcirdia nnd iiigino c pain in tlio heart, ihapiiei fiintness, 
dizziness, loss of nppitite, lo s of boiN weight, etc Such symptoms have 
followed the tikiiig of two gnms of the drv powder Other sjmptoina 
\re mnsCT vomiting and severe iharrlicn roulis reported a ci«e of 
prefuso fat'll diarrhea following the first dose of onc-fonrfh of a lobe 
of thvroid in twentv four lionm Glvcosuna often occurs jforked 

The above remark applies ti> tie tablets on tbc Vinoncan market. Iqually 
great confuaion prevails in repirl to fther tablit* on foreijrn markets thus 
111 atie CJsi ft 1 ^ram tabl t ctn»tnin<i on faurti of a roelmmsirel tijroid of a 
alieep 
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nenous disturbances xnaj occur In addition to lie paJpitation etc, 
tiere mav be grtat restlesanebs and sleeplessness lrntabIllt^ tremors, 
pains 111 the back and extremities and lacn delirium Tie temperiture 
13 sometimes elevated Urticaria and other disturbances of the skm ma) 
occur Qreit emaciation long continued debihtv and nicmia ha\e been 
reported, the urine mu be dimim hid iltliDU^i as a rule tluroid has 
a diuretic action As a rule these nntjnard effects subside uithin a few 
dijs after stopping the thjroid tieatmcnt but Krccke reports that he 
has seen emaciation tachvcardia and cxcitcnieiit continuiUj, for a jiir 
after the administration of ihsmid to patients with ( rues disi ise This 
was m all probability not due to the th\rnd therapy 

A large number of accidents cnie ot them fatil hare occurred from 
tho use of thyroid in obesity It is tspe« islly daiverous to oKse patients 
uitli a tendency to caidiae or aortic di c ise It is y) o contra indicated 
m obese patients yyith y tendency t«» diabetes 

SXMMMIX 

1 Thyroid organotherapy is dehuitily estalii bed in all conditions 
of liypothjroidism that is in il) devices of cretinism and myxodenn 
The administration of (he entire gland subtlanee (dried) by mouth in 
doses that must be determined for each indnidtuil pitirnt i> the best 
method of procedure This therapy must ordmiriK bo continued uidoft 
nitcly We should insist on Utemical and physioiugicil stuidirdization 
of the tlnroid products 

2 Because of tlie present uncertainty as to the cause and signifi 
oance of the tlijroid hyperplasn m toxic goiter and the not infrequent 
occurrence of toxic goiter and myxedimn in the imu puieiit at the same 
time thjroid administration may bo tried experimentally in the c con 
ditiona, especially in the yerj carlj md in the liter stages But Howard 
belieyes this use of thyroid extract <»hould be discour ic,ed 

3 If yvo assume, with Mobiiis tliat an pxcr«9 of thvnnd ocretion 
in the blood produces the. tintoyyard symptoms ot toxic t,oitcr it folloyvs 
that inincrcase of thyroid ccrction aboyc the norm il is injurious Hence 
on this generally acccptctl theorj it is tvidciit that thjroid ndministra 
tion IS contraindicated in all conditions «of duo to thyroid dificiency, 
fir ly givinp, thyroid m such n cs wi pnbihly inert! c Ms conccntrati >ii 
above tho normal in the body fluids and the ti« lies. The results cbtaincd 
hy thyroid organotherapy m various di«ex ti other thin hvpotlnroidism 
do not appear to justify further clinical iiupiricKin in that direction until 
Hell-controlled laboratory tests bite cstahlishid ncy\ lines of ittack 

4 Tho Tanous tin ones ascnhiiig to tin. thyroids specific inhibitory 
or stimulating functions on other endocrine organs other thin fhrougfi 
flu gemnl I jdj metal jlimi, hare so little bisis in fact that there is no 
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ju«tifacation for thyroid admioistration m ca«es of supposed bvperactmtv 
or hTpo-actmty of such oi^ns, or m supposed general disturbance of 
internal secretion equilibrium 


THE PARATHYROIDS 

Physiology — The piratlirroids, like the thyroid gland, develop from 
the epithelium of the embraomc gill arche<» In mm and most inammah 
the paMtluToids are eitlier imbedded iti the ihiToid gland or lie efo e to 
the thyroid cap ule There are usually two purs of piratluroid glands 
in man and mammals in general, hut aecesjon parathyroids are fre- 
quently present in the th\Tnn8, and associnteil with ncecbiory nodules of 
thyroid tissue both in the neck and the che«t The glands were discovered 
by Sandstrom m 1880, but their specific role was not recognized by 
physiologists and climcims until a much later date Because of the 
situation of the parafh\roids in or on the thyroid ghnd, complete thv 
Toidectomy involyes, m most mammals, alsj complete parathyroidectomy, 
and the ^aractenstic syndrome developing as a result of pirathvroid 
extirpation as for mmy years erroneoush ascribed to deficiency of the 
thyroids 

The striking thing is the relatively small 'imonnt of total parathtroid 
tissue m animals, and the serious effect tint de\ clops promptly on tlie 
extirpation of the glands, at least in man^ spcties Hi«tologieilIv tbo 
parathireids are made up of coltimus of epifhelisl cells, without the acini 
or colloid «o chanctenstic of the thiToid glmd Vincent and his pupils 
have reported that on extirpation of the th% roids the parath^Toids develop 
into typical thyroid structure Vincent has adduced other evidence m 
support of his theory that the parathyroid glands represent an embryonic 
state of tbe th^TOid But Vincent’s cypenmeutil results have not been 
substantiated bv other investigator'* It is certam tint in the ribbit com 
plete thyroidectomy does not cause the parathyroids to assume tbe stnic- 
ture and function of the thMwid (Basinger) The functional iiidepend 
ence of the thvroid and the parathiroids is further «hown bv the absence 
of lodm in the parathyroid gland The earlier workers uho reported 
lodin in the paratlivroids were not careful to exclude traces of thyroid 
tissue This IS practically impossible if one U'es the parathyroids that 
are embedded m tbe Iwdj of the thvroid gland 

VTiile it is generally assumed that the parathyroids produce an in 
temal secretion, this theory rests on a yen slight foundation of facts 
It IS a fact that complete extirpation of the glands leads quickly to tbe 
development of grave or fatal symptoms but ne do not knoii bow the 
living parathyroids prevent the toxemia of tetany 
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Extirpation of the Parathyroid —Practieallv all that is hnown of the 
functions of the parathyroids has berai learned from the txtirpation of 
these glands m animals and man Tho t^picil svmptoms in animals are 
as follows There is a latent penod of several (twelve to tortj-eight) 
Lours in which the only symptoms mav ho a loss of appetite some in 
creased thirst, and a condition ot h>penmtabihty of peripheral nerves 
Then appear general unrest and fibnlliry contractions of various muscles 
especially of the tongue and yaws these breomt, more frequent and are 
accompanied b> a stiffness of the extremities and clonic contractions of 
groups of muscles The clonic contractions then extend to all the muscles 
leading to the typical tetanic attacks which are accompanied bv salivation 
and increaseil cardiac and nspiratory actmtv and m most animals a 
rise in temperature These attacks are succeeded bv a condition of pros 
tration during which the dvspntic rcspiratioa gradually returns to nor- 
mal Tho animals may apparentlv completely recover but withm a few 
hours or a dav or two, new attacks develop and death occurs In dogs the 
duration of hfo after complete removal uf the parathvroids rarclv oxcceds 
ten to fourteen day 8 

If onl> two or three parathvroids are removed there may develop 
a ecndition of latent tetanv m this caso there aro often no svmptoms 
except under special conditions Among the influences provoking attacks 
of tetanv m such animals aro the oe< iirrence of rut pregiiancv lactation 
violent nervous and mu ailar exertion, constipation high protein diet 
The administration of various poisons (phosphorus, amines etc) miv 
also provoke an attack 

The rate of development and the hnal degree of the increased ex 
citability of the motor neurons folbwing parathyroidectomv in the dog 
are not appreciably lufltienecd by ibhtion of the cerebral motor cortex 
spinal transection, or section of the dors.il nerve roots The increased 
excitability is therefore probablv due pnmanlv to some direct chemical 
action on the motor neurons 

The course of the parathyroid tetany is not appreciably influenced 
bv ablation of tho motor cerebral cortex or by rendering a limb atonic 
through section of its afferent nerves 

As the epileptic spasms or tetanic attacks following removal of tho 
parathyroid glands do not develop poatenor to the spinal Iran ection it 
would vpcm that tho actual tetanv depends not only on the local increase 
of motor excitabilitv m tho spinal cord« but also upon nervous comic 
tions with somo region of the cnccjdialon below the cerebral cortex 
(Mustard) 

Milcox found that removal of one to two or three of the parathvTOids 
in dogs mi\ induct more or less permanent livporexcitabilitv of the 
nerves but no tremors or tetany even during pregnanev or lactation 
I*ut It 13 significant that the nervous hvperexcitabilitv becomes more 
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justification for thjroid administration in cases of supposed livperactmtv 
or lijpo actmtj of such organs, or in supposed gcnernl disturhance of 
internal secretion equilibrium 


THE PARATHYROIDS 

Physiology — The p'irith\roid9, like tlio tlijroid ghnd, develop from 
the epithelium of the einbrjonic gill arches In man and mo«t inainmil^ 
the parnthjroids arc either imbedded in the th\ruid gland, or he dn-je to 
tho thyroid capsule There are nsuallj two pairs of pirath\roid ghnds 
in man and mammals in general, but accessorj p-iratlivioids are fre 
queiitlj present in tho thjnms, and associated wiUi acccssorj nodules of 
thyroid tissue both in the neck and the chest The glands were discovered 
by Sandstrom in 1880, but tlicir specific role was not recognized by 
physiologists and clmicnns until a much later date Because of the 
situation of tho parathyroids m or on the thvroid gland, complete thr 
roidectomy involves, in most mammals, al^o complete parathyroidectomv, 
and the characteristic syndrome developing as a nsult of parothvroid 
extirpation as for many years erroneously ascribed to deficiency of tho 
thyroids 

The striking thing is the rclativclv small amount of total parathyroid 
tissue m animals, and the serious cfTcet that develops prompth on the 
extirpation of the glands, at least in many speciis Ilistologicalh tho 
parathvroids are made up of columns of epithelial cells, without the aciiii 
or colloid 80 characteristic of tho thyroid gland \ incent and his pupils 
have reported that on extirpation of tho thyroids the parathvroids develop 
into typical thyroid structure Vincent Las adduced other evidence in 
support of his theory tliat the parathyroid glands represent an embrvonic 
state of the thyroid But Vincent's cxpcnmcntnl results havo not been 
substantiated by other investigators It is certain that in the rabbit com 
plete thyroidectomy does not cause the parathvroids to assume the struc- 
ture and function of the thvroid (Basinger) Tin. functional indepcnd 
ence of the thvroid and the parathyroids is further shown by the absence 
of lodm m the parathvroid gland The earlier workers who reported 
jodm m the paratlivrouls were not careful to exclude traces of thyroid 
tissue This IS practically impossible, if ono u&cs the parathy roids that 
are embedded m the body of the thvroid gland 

^Yhilo it 13 generally assumed that the parathvroids produce an m 
ternal secretion, this theory rests on a very slight foundation of facts 
It 19 a fact that complete extirpation of the glands leads quickly to the 
development of grave or fatal svmptoms, but wc do not know how the 
luin" parathyroids prevent the toxemia of tetany 
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Tlie livins^r contnction-> of tin* emptv stonncli in paritlnroidcptom 
i7cd arc (l(prf<i fd in dir«t pruportioii to tin «( \( rit\ (.f tho tctam 
In extreme t( tain tlic cmpt\ strmuli is atonic and dihftd fliis is prob 
abh a factor m the clnricteri tic anonxia of tct^n^ aniiiHls 

Tlic condition of tbc di^ tixc trait in ixpinmcnta! pir itlnroid tet in\ 
IS of ^cit intircst m view of the vinous txpis of tctaiiv of gistro 
uitt»tinal ongiB ill innn Wbik it his bt'cii known for a loiir, timi that 
fecdiHp meat to pantlnronliitomiad ininiil hastnis nnil intcn ifics the 
tetani smiploms, and tint atan itiin r turds and diimm hes the tctini 
simptom , it is iHicrthclc s prtbibli that the ^ tro into final imptoms 
of parathyroid tttani in anitmls are lUtinli fbi cfficts of the tctmi 
tovciiiia and not the prmian cm t of the titiin aMidruine 

Parathyroid Tetany and the Liver — Ih* iHjiirnnis ilTitts of protein 
food amt the inuncs ttc i mmis (htn^cs m th< tiixd mid m the mme 
ghictj iiriii ncidosia immsf «d imiinnn mi<I iiniiio iicid< ni tho urine 
rtportod hi a uumlxr of oir'irurs in tetini nniniila have natnralh 
directed attention to tlic Iner Carl on and Tied on called attention 
to the marked innlarin of pirithmid titinv the tctmi of amiaonin 
intoxication and the iienoiis hipcrcxiit fhiliti produced bi meat feeding 
m dogs with the blood diiuited pisl tin Inc r into the d cirtulntun 
hi tholekfi tuh riicix is some histoh „ical ciidcncc of li\i r dtgeiiera 
tion 111 atniuals diin„ in tetani ind in the cIiiikiI tetmi of pn^innci 
(eclampsia) thin? apjx ir al > to lx instniccs of Imr iniolvcment But 
extensile itiiestigitions on tetani dogs hue fiiilod to discbs anj pri 
marj hicr dcpnssioii of importmie (\cipt u diinini hid ceretion of bile 
and this is prohabli duo to the (oinliticii of tin disostiii tract nither than 
to the ahsciico of sinxihc panifbiroid suntion Put Dr)_.stidt In re 
cciitlv shown that pirathimidcctoniizcd dogs in ivlnih the ippi iranrc 
of totani IS pniciited bi snitiblc diet phospborus or gnanidin adminis 
tration m qiiantitiis haiing litllt or no iffiit in normal uiimils causes 
violent tetani 

Duniie paratbiToid tetinv tlierc \a no lUiUoC in the biigir tolennce 
(Stoland Mmra) the cxcnfion of aiumouii and ammo acids in the 
onne is norma] or less than normal in nrly tetani CW iKon Stcinis 
ainl J anne^ ) tin bl lod fibrinogen is normal or greater thin normal Tht 
formation of fibrinogen is one of the fiinirtions of the Incr hence the 
use of the blood hbrinOj,in is a test of liicr function But inasmuch as 
the secretion of bile is dicmsfsl i functioml liicr test depending on 
excretion of pigments in the bile would probiblj disclose erroneoiisli 
a liver depression m tetanj animals Of cour e it is obvious that whin 
tho tetani condition has rend*red the animal morihutid the hicr will 
I'd depressed along with the entire or^inism This is of ni sigmhiance 
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nnrkecl diirmc: pregiiaiic\, and espccinll^ during hctition When all 
the pintlnroid tisane is rciiiOTcd m the do^s the h\ptrexcitabilit;y of 
the poriplicnl nenes is in evidence one to three da\s l:«forc the appcir 
ance oi tremors and tetany 

In some eases of parathjroidectomv, eichcxia and depression appear 
at the verv onset without anj evident period of nervous hvpcrextitibihtv 
Ihis IS pirticuhrly frequent in eats The cachexia and depression is 
nsmllv ‘iccorapimed hj anbnormnl temperature Pnctieallj all animals 
that survive tiio violent attacks of tetam and pvrexia die in caclicxia 
and depression 

Extirpation of the paiathjroid taiiscs, on tiic whole, a more violent 
and ripidlv fital tetanv in tlie carnivora than m licrbivori, and in tbe 
litter group the adult animals arc frcqiicntlv less affected b^ loss of the 
parathyroids than the young animals 

Parathyroid Tetany and the Digestive Tract — Pirathvroid tetany in 
dogb is accompanied by gastro-mtcstuial disorders, anortMi, vomiting, 
diarrhea (usuUlv), pain in the alidoiminl rt^ion, ind in the inajoritv of 
cases hvperemia, hemorrhages and ulcers of pylorn, uid duodenal nuno«i 
Iho hvpcrext itabihty of the peripheral nerves m dogs ni panthvroid 
tetanv IS usuillv, but not ahvavs, shown by stimulation of the phrciuo 
nerves hv the action current of flu heart 

Pnlta vnd Kahn describe ta «<8 of tetanic contraction of the stomach 
in humm tetanv ihcrc are no spasms contractures or other evideiucs 
of hvpcrcxcitabilitv or tetanv of the ncuromii«cuhr mechanisms of the 
digestive tract m parathyroid tetanv in eats and dogs Lveii m verv 
severe tetany the movements of the stomach and intestines mi> bo normal, 
tbe deviation from nonnal is m the direction of deproasion or paralvsis 
The gastric and pancreatic digestion in tetanv mav be normal, but it is 
usually retarded The retardation mav amount to practical fiilure of 
digestion 111 very exceptional inbtances there mav be acceleration of 
the gastric motility (cats) The rctaidcd digestion is not due to the 
absence of appetite secretion or to splanchiuc inhibition , it is probablv due 
either to direct action ol substances m Uie blood on the digestive glands 
(sccondarv effects), or to altered activitv as a direct effect of the absence 
of the parathvroid secretion In the cv c of other svmpathotie and auto 
rnatic mechanisms (cervical svmpathctic, pilomotors, sweat nerves, the 
uterus, the bladder, the sphincters), the deviation from normal activity 
in parathyroid tetany in cats and dogs seems also to bo in the direction 
of depression 

In eats lud dOjjS Keeton found a diminished seeretion of gastric 
juice durin^ parathyroid tetany, and the juice contains less than the 
normal amount ot pepsin and hydrochloric acid The unpaiimcnt of 
the "islric secretion is on the whole, directly proportional to the 
ever'ity of the tetanv Sfoland found that the quantity of the pm 
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crMtie jmee and flip l»lp M«r*ffd is ils** ^catK dimin)«liccl in 

fltlJJV 

The Inin^r contraclioiH of the emi't stoiiuoh m piritli'ioidcctom 
izcd dpfT* an. dcpro*! cd in dmct proportion to tlu nt% f the tetam 
lu CTtrcmi fLtan\ thp Pinpt\ <loinadi is atonic nnd dihfed fhis m prob 
sWj a factor in the charnteri tie anorexn of fctim ’iitttmh 

The condnion of the- dige ti\( tntt m eTpenmt iifnl p imtlnroul tctan\ 
IS of great iiitcnst, in ahw of the \nnoiia types of tctui> of 
infe tinal origin in man ^^hlIc it his heeii known for a Inv tinn tint 
fmli/igDKat to pnnthiroidfitommd iiimiiU hi tens ami inhri ifm the 
tetany Fmiptoms and tint st»r\utiuii rttirdi and diinnn In* tin titnii\ 
s'lnptom it 11 ncierfliplcn prohihk that the pi tro mti tin il ivmptoms 
of pantliiruid fitnin m oniindi an niiiiiK tlu efftits of the tetam 
torcmia and not tlic prtfnarv em t of (he fttmi snidnnne 

Parathyroid Tetany and the Liver — Hu mjiinoui eJTctts ot protein 
fool and the amine* etc tarn ii« chan^ii m tlu h!«>d ind in the urine 
glucD iiria neidosis inert hp of nniinoiiii mid amm* uids in tlu nrnit 
nported hi a inunlor of ot'sericrs in t<tm\ aninnls have natunlli 
directed ittention to the hicr Carl<ii ind !i<ol>«oii cilltd attentnn 
to tie marked aiimlnriU of pinthircid ntme tlu titani of amnionn 
intoxication and the ncnoii* In] ercxcit rhilite pinluudbi meat ieeding 
tt( dogs Mitli the ttood aliiiuted p 1*1 tlu. Inci int>flu gi mni circiilitioii 
In the Fck fi tuli flu re i* «ome hntolo^u il ivideiue of Iner dt^tnen 
t'ou in fliiimiU diing ui tetoin nn<l in flie eliiiKil titaiiv ot pngnaiiei 
(erlainpiia) then. app< ir nl o t > U mst incex it Iner inioherntiit But 
ettensne inicstipations on titanv dogs hme fuhd fi di iloxe an\ pri 
man Iner d(pris«ion of iinpiirf iiict except i diminnlud fwn tinn of hile 
and this is prolabh diu to the ivndition of tin digi tni tnrt rithei than 
to the ah cnee of aiKi.ific pintlnioid Kfclion 1 at Dricrtedt his re 
wntJy fhown that pinthiroid(Ctoiiiir*«l d gs in whitli the appcirinu 
nf tetanj is jirnenftJ h> snitabk ditt* phoipUoni or gnaindin admmis 
tration in qnantitKS liaMn^, little or no effict in norniil ammils cause* 
vioknt tetanv 

During paratliiroid fetim there is no dian^c in the sugar fokrance 
C'foland llmra) the excretion of ammonia and imino atids m the 
Urine i? normal or less than normil m tarh Utiuii (^\^lson Steims 
and Jaunt \) fl,o hlood fihrinOp,«n is normil or greater thin normal Tht 
unnation of fibrinogen is one of the functions of the liicr hence the 
usp of the blood fihnnogcii as a test of liver function But ina much ns 
he secretion of bile is dtcmscd a fnnctioiial liver test depending on 
‘^'cretiou of pigments in the Inlt. would prokibh disrloxi erroncouslv, 
a hier dtprcssion in fitany animals Ofcojirse it is obvious tint when 
0 tefanj condition has rciidired the animal monlmnd the liver will 
•0 deprtssfd along with the cntin, orgim m Tlu« is of no significance 
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mirlvcd (lunnc pregmnc^, 'ind capiciallj during Inctition Wiion nil 
tlip pirUlijroid tissue is removed m the dOr,« tlio li\pcrpxcitibilit\ of 
tlio pcnplieial ncr\os is iii evidence one to thrLo dajs before tlio ippcir- 
nice of tremors “iiid tcfaiiv 

In some cisoa of pTrathvroidcctomv, cichcxia nnd depression appoir 
at the \crj onset without nnj evident period of nervous li\pirtxcitabilit\ 
lliis IS pirticiilnrlv frequent in cuts llie c-ichexia nnd dcpnssioii is 
usinllv accompniicd suhuonnil tunpenture Pncticillv all amnnls 
tint survive the violent atfneks of tetviij und pjrexia die in caclicxia 
and (leprission 

Extirpation of the parathvroid causes, on the whole, a more violent 
and ripidlv fatal tetanv in the earnuori than m herbivori, and in tlio 
litter pronp the adult animals arc fioqtientl^ less affected bv loss of the 
pirathjroids than tho jounjt animals 

Parathyroid Tetany and the Digestive Tract — P ir ithv mid tetin.v in 
d 0 o» i** acvompanicd bv ga«tro-intostiinl di orders, anorexia, vomiting) 
diarrhea (usuillv ), pain in the nbdonmnl region, md m the mnjonlv of 
01 es. hvpercmn, liciuorrhagcs and tilecrs of pvlorio and duodtnal imicn a 
Iho livperoxeitabilitv of the periphcnl nerves m dogs in pirathvroid 
tetanv 18 usuallv, but not alvvnvs, shown bv stimulition of tiie plirtnio 
nerves h\ the action current of flic heart 

Palta iiid Ivshn describe ca es of tetanic contraction of the stomach 
in liiiinan Utanv llitrc nro no spasms, coiitru.tur(.a or other cvi(loneea 
of hvpcroxcitabilitj or tetanv of the ncuromiistular rmclnnisms of the 
digestive tract in parathvroid tctniiv in cila and dogs Even in verv 
severe tetanv the movements of the stomioh and intestines ma\ be nonoil, 
tho deviation from normal is in the direction of depression or paralvsis 
The gastric and pancreatic digestion in tctim inav bo normal, but it is 
usually retarded Tlie refirdation mav amount to prictical failure ot 
digestion In verv exceptional instancca there may be acceleration of 
tht gastric motiiitv (cits) Tho retarded digestion la not duo to the 
absence of appetite secretion or to aplaiichnic inhibition , it is probablv due 
either to direct action of substances m the blood on the digistive glands 
(sccondarv effects), or to altered activity ns a direct effect of the absence 
of the parathvroid secretion In the ease of other avmpathotic and aiito- 
mitic mechanisms (cervical avmpitbctic pilomotors sweat ncne«, the 
uterus, the bladder, the sphincters), the deviation from norrail actmty 
m parithyroid tetany m cats and doga seems also to be in tlio direction 
of depression 

In cits and d()-,s Keeton found a diminished secretion of gastric 
juice duriri.. pirithvroul tetanv and the juice contains less than tht 
normal amtnuit of pepsin ind hvdrochlonc icul Hit impiiimcnt of 
the gastiic secretion is on the whole, directlv proportional to the 
severitv of the tetinv Stoland found that the qumtitv of the p'” 
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tho urine of tetany dogs Injection of the c subtnnccs into animals indiicis 
amptoms similar to paritluroid tetany But there is no (iidonce tint 
there n aufficicnt concentration of p;uauidin in the blood to induce the 
(etiiiy m paratluroidectoinizcd dog« (.sinp hiological te«ts several ob- 
ervershaae reported an increased toTHit\ of the unne cf tetan\ inimals 

Wil'on, Steams and Jnnnea tind tliat after piratlnroidettomv there 
IS a primary alhalosn, or preith increased aikalinitv of the blood and 
that acidosis is a 8econdar\ effci.t of the everc tetans owing to the for 
niifion of acids as a result of tin mu lular contraction These observers 
adnnee the theory that the alkalo I*, is the primary factor in the tetany 
and support this view h\ the fact that alkalis increases the 

tetany, yvhilc administration of acids dicrca os the tetany The reader 
wdl recall that iIncCUlum found similar support for his theory of pri 
Diary calcium deficiency in tho fact tint talcium injections dccreise 
the tetany symptoms temporarily \c1d4 ns yyell as cilcuim salts depress 
the norvous tissues hut this drug action docs not proic the primary rela 
fion of alkali ctccss or calcium deficitncy to tlic genesis of parathyroid 
tetany 

Seycral inxestigators (Grant and Goodman etc ) have recuntly re- 
ported the production of a tcmporiry t(t'iu\ in man and animals by 
e«i sire lung yentihtion (forci<l bre itliing) thus reducing the carbon 
dioxul of tbe blood and pn«»unably uurcising the alkalis But these 
findings do not cTplaui parathyroid tetany \ccordiiig to Grconwald 
the tetanj folloyring forced respiration is due to the oacess sodium ions 
in the blood Uhlonhuth has reported tetany toxins m the thymus (feed 
lUj, thymus to tadpoles) 

Temporary Control of Experimental Parathyroid Tetany — ^nme of 
the earliest investigators of the physiology of the pirathyroids (Lusena 
^as'iak Genenh ‘Moiissu, MnrCallum) reported tint the tetany could 
he checked by the injection (BiibciilaneoHS intrapcntoneil or intruenoiis) 
of eniulsioiis of the psi-itliTroids favorable results wire al 0 reported 
from the feeding of the gland Berkeley and B<-ilc report that the active 
part of the glind is the nuclioprotcm fraction this yyas said to bo cfhcient 
y\hcn given bj the inoutb but mucli mon* so yvhen given subcutmeously 

The tnatment of parathyroid tctsny b> the administration of the 
parathvroid glands differs in important particulars from that of myx 
edema by the adnunistration of thyroid The effect of thyroid is stnetU 
specific , no other gland uhstanci. will rclieyo the symptoms It has been 
found, on the other hand, that parathyroid tctsny can be temporarily 
checked, at least in the early stages by the administration of salts of 
calcium magnesium strontium and Mrram by the injection of largo 
amounts of sodium chlond solution by tho injection of acids by injection 
of extracts of the thyroid the thvmus tbe pancreas the testes, and the 
hypophysis, by the injection of pioteo es or peptones by the injection 
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The question of importance la wliether there is anj CMcloncc of liver de 
prcssion that can account for the genesis of the tetany itself Such liver 
changes have not jet been demonstrated 

The Blood in Parathyroid Tetany — The litcraturo on this ino«t im 
portant phase of parathyroid physiology and pathology is conflicting 
MacCallum and Voegthn reported a marked acidosis, with a decrease of 
the calcium salts of the ti&sues and the blood and an increased cverction 
of calcium in the urine None of these icsults lias been confirmed 
(Cooke) But Harriott and Howland report a decreased calcium content 
in the blood of spasniophiiie tliildren Berkheim, Stewart and Hawk 
report a case of probably complete parathyroidectomy in a man, with 
slight retention of calcium salts In later experiments HacCilhim re 
ported that transfusion of iho Wood of tetanv dogs through the Iig of a 
iionnal dog raised the excitability of the inotoi nerves of the transfused 
log of a tetany dog, while transfusion of normal blood through the leg of a 
tetany dog reduced the excitability of the nerves of the tetanv hg It docs 
not appear that Dr JfacCallum coiitrollevl the temperature factor of the 
transfused blood Fever blood vvill, of course, raise the cxcitabilitv of the 
nerves, by the temperature factor alone 'ioshimoto reports that the blood 
of dogs in tetany, as well as solutions of gtianidin, increases the imtahilitv 
of the sciatic nerve of the frog 

In connection with the theory of calcium deficiency on the course of 
tetany, it is interesting to note tint Thomps<->ii, leightoii and Swartz, and 
iforol have reported that triiimntism of hone prevents tetany from re- 
moval of the parathyroids, it does not, however, prevent the development 
of cachexia 

Peterson, Jobling and Eggstem report a diminution of the serum 
lipase, a gradual increase m the noii-congiilahle nitiogen and proteoses of 
the blood and an increase in the aminonitrogcn at the height of the tetanv 
Cooke and Grccnwald report an increase in tho undetonnincd urine 
nitrogen According to Grccnwald there is a marked retention of phos 
phonis after piratlivroidoctoiny, atid this is accompinicd by retention of 
sodium and potassium But m the quantities present tho sodium or po- 
tassium phosphates arc prohaWy not suflScieutlv toxic to be the agent of 
the tetany 

Grccnwald also showed that xanthm and inosinic acid aro not tho 
toxic agents, for there is not cnow^ of either of the«e substances in the 
blood or tissue of tetany animals to cause symptoms, although intravenous 
injections of largo amounts of xanthm cause convulsions The sigmA 
cince of the phosphorus retention m parathyroid tetany is as yet im 
explained, hut the work of Erdheim and others indicates that chronic 
parathyroid deficiency leads to impairment of hone growth 
^ Koch and Pnton, Pindlav and Burns report that there is an increase 
III tho excretion of methyl cyamd% and tnmethvlamin, or guaiudm m 
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rnc:«fedt lias shown tint piratli\roidi.etom^ in clogs on n diet of milk 
liclose and bn id or dixtrin dots not knd to tttan\ or death and if this 
ditt IS kept lip from four to SIX w«ks tilt ordmarv nicit diet (mmodera 
tion) maj Im nstored without inducing tLtin\ Ihc above diet clianges 
the intestinal fliri m do^a from the normal piitrcfictive to an aciduric 
tvpc This diet IS not iinariabh smcc sful iit preventing tetanv and 
mniutaining lift after pinflivroidectomv m pregnant bitelics This indi 
catts that the fetna (and po sibK the placenta) is \ soiirte jf tetaiij 
tnxins The e cIniH.iit expenmenta on non pregnant dogs ecm to show 
that 


1 The ftfaiiv is duo to txoginnw texnjs and these tixins ire de 
veloped h\ the inttstinal protcolvtn flori iitin„ mainh on the food 
protein (meat) 

2 Tlio panthvroids in dogs ire mt netes irv fir life After the 
initial datarv control of the acutt svmptoms the dog terns quite normal, 
even on a nuat diet This iniv la due to m increased tolerance to the 
tetmv tfisins or an uicrti'Cil destruction of these toxins bx other organs 
in the bodj 

3 The dogs are not itoniul Ihev are in the condition of latent 
tetanv or epilepsy go tint oui tipution <x<<ssive inirestion of meat, nit, 
pregnaiiev, poi on«, or cxciteiuent induce tetany attacks of varying 
■everity 

Iiickhardt Ins shown that piratUvroidectoinizcd dogs (pregnant as 
well as non prtguant) on a hi^li nieit diet can b«. kept free from tetanv 
(1) by a daily ftediiij. of lirge qinntitics of calcium lactate (about 
1 •> gr per kilo body wtight) for from four to hve weeks after the opera 
tion and (i) bv maiiitiining a bn k. diuresis for a torrespoiiding period 
by means of iiitrivenous injections rf large qumtities of Ringer’s Bo)n 
tion or alt solution After four or five weeks both the calcium and the 
diuresis therapy can Iw dispensed with the animals live indefinitely and 
sbnw no tetany , except under the same conditions ns stated in Dragstedt s 
experiments ill of IwkhanJls paraihyTotdectomiztd dogt, that liaie 
hied for a year or nujrc ha\c developed cataract 

luckliardts diurtsis experiments can be most readily explained on 
the basis of rapid elimination of tbe tetany toxins bv the kidnevs The 
hfe-saring action of calcium lattato when given fav mouth is less readily 
understood Calcium lactatt intravenonsly will not save a parathvree 
tomizcd dog from death m fact giien m thvt uaij the salt produces 
nephritis The huge dos< s of thr alt necessary per os is a further indi 
C'ltion that the mpchanism is not that of mak.in„ up a cilcium deficiency 
in the tis vies The calcium may act in the gut by modifying the action 
of the intestinal bacteria, or fixing bacterial toxins 
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of h^pcrtoDie siipnr soIjjtJoHs, I5 tfie admmjstrihoji 6f 'imtl nitrite, cte 
I« tho enrh attnck'4 of piratlnroid tctm\ cnn «a«iU\ k decreased 
or preseated b\ gisnv the nnim'il 1 «»!<! hith, nduciiig the psrcKn 
Tnasfasion of norinrl blood into pantlnroid tctn«\ dogs decreases tbc 
tetanj but little nud does not Icugtheu the hfc of the nnijinl 

Admini'^STatiaQ by Mouth— Gu»n„ pirithvroids b\ mouth appeirs 
to be cntirih useless in the lnnd% of later imostjgstors (MneCtiluw and 
\ocgtlm 'NfariiiP) 'Marine (.a\e ns mu» na one bnmlred frcsli pirn 
duruids p<r din to do^s with eoiiiplett htauv without nnuhontioa of 
the SMuptnni'i or pmloncntion of hfe but tmusplaiitation of caen n amgic 
pintliMoid from uuotlu p <p<t,ien lontrolh'd the tctnnv for a few dn^s, or 
until tbcplini) won eonjp!errJ\ ikorbrd 

\U thr'< ttuasuiTn hne so far pro\<d to lx mi!\ temponra paUiati>c« 
Their notion is compile ntn! b\ the spoutnncoiw pcriodictta of the sMuptonis 
in the enr]\ stipes of the di'-cw and iho complete tnd spontimcons 
peco\rr\ m sonu imh' tduals Tlie cfiicicncn of thp*-i meisurts nanes 
mdircitls with the ifngo of the cnchcxn nnd tht of the excititiiwi 

i\niptoiii« Thr action of all the^c therapeutic intasiircs can probihh k 
aciouiitcd for dfcrca'yed rjrffnbihty of the nervous ti«6U08 The cx 
titahiiitv IS dfcn i«ed direclfi/ hv the drug action of the edtmm and the 
strontium nits ind h\ hvpcrtomcitx mdircvtU bv suktinces ormensiires 
thit cn««e pirtuJ uiunun of the hmin througli vmodiht ition (tis'^uo 
i\trjct» jlhimio't^ iiii'i nitnfe stmmlatiou of the depres'or ucncs) 
None of thisv nn isiircs has thtreforc anv a/wci/ic sigiuficiiiee ns reginli 
the ciuse in<{ nitiire of parathvroul tetviiv 

In most of th( expennnuts the ndmiinsiration of the above suktinees 
has relieved thi avmptoms of ttianv onh the nniinnla dviii., Hlcr m 
enchexm The etsea of tomphto rocoicn 110 probiblv due to hrper 
trophv of aeioxMirv glnmln or to gridmllv ncquind toleniiec to tlic 
tetauv toxins Thus > ilunbh «s the idimnistntioii of the glind or 10 
jeetions of mIis of <ilcnim mn> l>c in clucking the SMiiptoias of tetauv 
^nd in pml(in„)ii^ life, jt is open to question vvhethtr it is pfi'iiWc to 
restore noninl eondnions in emnphto pnntlivroidectoniv, except bv fi«c* 
icssful implaiitatioii of 1 living gland 

Trausplantalion of Glands — tor the compute iclief of pxtiihvYouI 
lostifiiciencv trinsplantltion of Hie ^wds 13 the onh rffectne measure, 
Init tlie results hive bicn div ippointiug (IlaKtvd Icischner and Kihler, 

1 andois Mariuc and others) IlnUted eonchidea tint traiisplantafion 
succeeds onh wlun a pnrathvroid defieicncv has been previous^ induced 
and that panthvroid tissue trmaphntcd in execs'? of what is nrj,enth 
required bv the or^inism doea not hve 

PennanenC Control of Parathyroid Tetany in Dogs— It l.na boon 
found that parathvroid tetaav in dogs c\n he permanenth controUed hr 
diet dilircsiv, and feeding of calcium Hctatc 
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Drag^tedt bas sho^^■n that piratliMoidcctom> in dogs on n diet of milk, 
laeto I and brcid or dextrin does not Kad to tetanv or dcith and if tins 
diet IS kept up from four to six ^^Olks the ordinary meat diet (in moden 
tirni) mil bo restored without inducing tetan\ The above dat changes 
the intcstinil fijri m dogs from thi normil putrefactive to an aciduric 
tvpc This diet IS not imariabK iiccessfiil in preventing tetanv and 
maiutaining lift after parntlivnudectomT m prt^niit bitches This indi 
cates that the fetus (and po sibh the pUtiuta) is a source of tetanv 
toxins Those clear-cut experiments on nonprtgusnt dogs etm to show 
that 


1 The tctsnv IS duo to cxogcnmi tixin ind the e toxins are de 
vtlopcd hv the iiitestinil proteohtit Horn actin^ miinh on the toad 
proteins (meit) 

2 The parathvroids m dogs in. not mccssarv far life Vftcr the 
initial dietary control of the acute svinptoms the dog seems quite normal 
even on a me it diet This mav l>e due to an increa cd folennei to the 
tetanv toxins or in incrca-a’d de tnietiou of theso toxins bv other orguis 
m the bodv 

i The dogs arc nat nomnl fluv m in the londition of latent 
tetanv or cpilepsv, *0 tli it eonstipitiou exiissivi i«p,e tinn of meat, nit 
ptcg^ac«^ po\«<iTV9, or cxcitciaint ludnet tvtvwv uttacks of \1t5\ng 
seventy 

Iiiekhardt his shown that pirJtlivroidcctomized dogs (pregnant as 
^tll as non pregiiaiitl on a high me it diet cau be kept free from tetiny 
( 1 ) bv a diilv feeding <f Urge qiimtitiea of calcium lactite (aliout 
1 gr per kilo bodv weight) for from four to five weeks after the opera 
tion and (2) bv maintiming a bnsk diuresis for a corresponding period 
bv means of intravenous injections of lirgc quantities of Ringer’s sola 
ti D or salt solution kftcr four or five weeks both tho calcium and the 
diuresis therapv can Is dispcn ed with the aiumils live indefinitelv and 
show no tetany except under the same conditions as stated in Drigstedt s 
fxpmmcnts 111 of lurlhardlg iwraihyrotdeclomx ed dog^ that haie 
hied for a year or more hate deieloped cnlaraci 

J ucklnrdt a diuresis experiments can be most readily explained on 
th( basis of rapid eliiniintion of the tetanv toxins bv the kidncvs The 
iife-saving action of cvloiuni lactite when given bv mouth 19 leas readih 
understood Cilcium lactate intrasmously will not save a parithyrec 
tomueil dog from death in fact gtien tn this vay the salt produces 
’’^^phnlts The huge doses of the silt ntccssary per os is 1 further indi 
cation that the mednnism is not that of mvkmg up a calcium deficiencv 
*u the tissues The calcium may ait in the gut by modifying the action 
of the intestinal bacteria or fixing Inctfnal toxins 
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The work of these two mrestigators haa greatlv advanced our analysis 
of parathyroid function and panthrroid tetain It )ns given us an ade- 
quite and practical therapv of tJiis tetany It auggesta new lines of 
thorapv of tetanv and allud disorders in man. But it does not tell 
us how the intact and normal parathvroids prevent (ctanj, whether by 
direct neutralization of the toxins, or l» furnishing a honnoiie that regii 
latis the permeahilitv of the intestinal mucosa, or stimulates' various 
organs to increased detoxication 

Parathyroid Deficiency m Man — ^Thc clearest fa«es of paratlnroid 
insuflicituev m man arc those in vrhich tho glands hare been more or 
le^s completely removed or itiyiircd at operation on the thvroid Ca«es 
of this character are not uncommon, especially from interference with the 
circulation of the glands ITie syTuptoms of postoperative tetsnr in man 
are very similar to those descnlied in animsls If death dots not oeeiir 
in a short tune a chrome condition of latent tetanv or of aubtctanit hypo- 
pirathyrcosis (Hal ted) develops Such a condition inav continue for 
years with chronic nervous hvpercxcitabihty (Lrb, Chvostok and Trous 
seau signs), the pitient haring attacks ot tetinv at irregular intervals. 

Another form of tetany, in which a condition of psrathvroid insnft 
cicncr vuiij exist u that winch occurs in pagnanev or lactation At 
other times thero m'lv be no evidence of tetanv This form is strikingly 
like that observed m parathvroidcctoinircd aniinals, it his also been 
ob erred tn women after operation on tho thvroid (Frank) Krahbel 
reports the case of i girl who for seien years hid tetanv onlv danng 
meiivtruation , she was completely relieved by iht implantation of para 
thvroids into the tibia Cases are also reported m which toitus induced 
tctiinic convulsions 

Another form of tetanv the etiology of which is still obscure, m thit 
of t-hildreii A number of writers have reported finding exten ive hcnior 
rlnges into the panthvroid glands in this condition Othcr«, howevtr, 
stitc that Midi hemorrhages ore conipjrativelv common in infants, i»d 
maintain that thev are found as firqiicntlv m ehildren who do not show 
tetinv symptoms during life ns in tho*!© who do (Auerbadi; Fxtonsivc 
hemorrhages into the parathvroids have been reported in ca«C3 of sudden 
death, with spasms of children (Grosser and Betke) Ilnskins and Gcr 
eteuberger found no evidence of parathyroid involrement in infantile 
tetanv 

Attempts Jnve been made to bnng tetany of gastro intestinal origin, 
toxic tetany, and those forms assocnled with ranous nervous diseases, 
into relation with the parathvroids Parathyroid deficiencv has been 
suspucted as a factor in paralysis agitans myotonia conginita mvoclonis, 
chorea, osfeom'ilatia, rickets, edampaia, and idtopatbic epilepsi, !«>* 
nothin" conclusive has as vet been demonstrated Grctawalds studies 
on the blood of paralvsis agitans do not support the thury of parathrroid 
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genwis of this disease Acconling to Cornbv «ome tjpes of idioc^ are 
due to panth^Toid dtficiencj 

Spontaneous afropha or hapertropha of the pnnthjroids in man have 
not been definitch established, but tbca probably oeeitr e«peciallj ivith 
age Gjcstland reports liaperplrsia of the pantharoids in Parkinsons 
disease Iloussj and Cluiiet report parath\n)ul hvperpla la in parahsis 
agitans Bcigstrand and others have reported pirathjToid hjperplasia 
in chronic nephritis 

Parathyroid Organotherapy — LiForts to lontml the tetnn\ following 
the remoial of the parathyroids or the effetts of interference with their 
blood siipph b\ the administration of |Kirithyroids haye met yvith no 
ctrtain success Ilalstid states tint m a patuiit suffering from siibtetanic 
hvjif paratlijroidism ns tin nsnlt of wro optratnits upon a large goiter, 
tetanv had for three years Ixen averted and the status paratlnrcoprivus 
made endurable bv the feeding of parithyroids hi bvpodcrmic injections 
of the nucleoproteiiis of the parathyroid gland and for almost one year 
bv the adniini tration of calcium lactate At the beginning sia: dried 
hcefs parathyroids yvere giien ciery three hours the effect ivas almost 
instantaneous and most marvelous The doe was then reduced to 
one gland throe times dailv further reductions could not for seyeral 
yveiks be borne Later frc'h glands were substituted these were more 
readily taken than the dried ones 

Branliam used snheutaneous injection^ of emulsions of beef para 
thyroid with success in a case following operation for goiter, the tetaiij 
disappeared permanently after a sicond mjeetmu It is eyident that this 
patient would haye rocoyered without the parathyroid treatment 

^iehncider reported a case of postoperatno tetany in yvhich the ad 
ministration of the dry parathyroid of the horse (0 03 grim in two davs) 
followed by improvement the symptoms later reappeared but dis 
appeared after 0 03 gram of parathyroid Other favorable reports have 
been published by Bircbcr Boshivsky and others Eschnch, Fraukel 
Ilochwart Pineles Bensburg and others report negatiye results from 
parathvroid therapy in human parathyroid tetany 

Several cases have been reported m which relief or cure of post 
operatiye tetanv followed transplantation of the gland Loischner and 
Kohler obtained only temporary relief from troiisplautation in one case 
and no results in another Tliey surest that in some of the apparently 
successful cases m transplantation in man there wis a regeneration or 
recovery of function by the remnants of parathyroid tissue of the patient 
Parathyroid has boon admmistereil with inconclusive results in a 
number of other forms of tetanv and m other conditions, the influence 
of suggestion has not always been eliminated Haskins and Gersten 
wrger obtained no effects trom parathyroid and calcium administration 
m one ease of infantile tetany 
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Borkelej relieved the svinptoms of gojtlrtc telany bj the adniinptra 
tion, bj moutli, of fnsh betf ]>aritIivroi(l9, ^fnfhtt also rrports favorable 
results from the um of the dried ponder and htir from livpoihrmic 
injections of the michoprotiid of lierf pintlij rends 

l/ 0 (uenthal and ^\l(brrel>t obtained y>o<l results from parathjroid 
feeding, in infintilo tetanj , but otbera Inn niiortid entirelv nffeatirc 
results 

Berkdej reports better results from tbo 'idmiiiistrition of parathyroid 
in parahjfi4 agtlans than from any other nriicdv Of twintv six ca^w-s 
tn ited, five were not lientfittd, tlirer shovvid tanporarv improvemi iit, and 
eighteen grew progrtssiveh lirtter during the vvhnle piriod of tnafrnait 
Kmissy and Clnnet observed sliglit teinimruy iinpronmeiit in two eai^s, 
a distinctly bad effect m two others, and no effect in a fifth tasi iho 
report a condition of parathvroid hvperplssia (whither pninarv or sit 
ondarv not determined) in this disease OpjMnhcim rifommciids fliu 
administration of doses corrcspoiulint to 0 0 gnm of the fresh gland 
several times a dav 

Favorabli’ results have been reported from thi tisi of panthyroiJ in 
eclampsia, cpilepsv, idiocy, and oborta— thixeiHllv in adults (Oaravini) 
It will be rc'called that sivcral cIiiiiciaiiK Jian riportid favorable effects 
from the use of ihjroul txiracl in eelimpsia, on tin thcorv tint this tvic 
of tetany isdue to tlnroid deficitnev (NitIiol«on, Stunner) 

"Moms reports injurious efftets followiii,^ Jirolojigtd administration 
of parathyroid gland bv month In a paluiit with parilvsis agitans the 
feeding produced disturhiiig mental svmptojiLS and insomnia, but no 
improvement of the piralysis agitans 

SuMMAKT 

1 Parathvroid deficicnev in man and exp* rimeiital animals leads 
to chronic ik nous hvperexcitability, oeeasional tetanv, and some cachexia 
Total loss of the paratlivroids I« ids to diatfi in from two to fiftcm dais 
in tetanv or extreme cachexia e8|KCiaI]y in caniivoroiis animals Tlic 
primary disturbance following, parathvroid ablation appears to l« due 
to a toxemia, primarily of the intestinnl (putrefaction) origin, and 
iceumulation ot toxic protem derivatives in the blood 

2 All therapeutic mcasiins that temporarily rodiitc the excitahilitv 
of the nervous system will diminish or prevent parathyroid tetanv tcin 
poranlv, but they cannot save the life of the patient or the c xpe rimtnt jl 
animal in total slwiice of the parathyroids Jlic titariy is controlled and 
life prolongexl indefinitely bv diets that render the intchtinal flora ac idiiric, 
by marked diuresis, and by feeding large quantities of calcium laefalc 
but these surviving animals aro in a state of latent tetanv 

3 No definite ciusal relation Ixtweeii paratliyroid deficiency and 
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cclarap n, lufantile pastro-mttstiml tetany, parahsis agitans, 

idiopathic cplll.ps^ etc, Ins bein «o far c tablished Tlu reports on 
parath\roid organotlicrip^ in the o malidtes arc so conflicting and im 
'iti factor! tint no reliance cm be pitted on the few favorable results 
recorded Pantbvroid orpinothcrapv m these conditions 13 at present 
purch experimental and trapirieil 

4 The re lilts to dite on man and experimental Biiinials indicate 
that tme piratlivmid tetanv cauint lit controlled even temporarily by 
gniDg pirathvroid gland bv month or bv triiisfusion of normal blood 
The hvp<Hlermtc or intmniu«ciiljr ndmimstrition of parathvroid extracts 
IS of doubtful value ivtn ns a temporirv me i&ure, ind animal experiments 
how ooiiclu IV civ tbit such administration tula to prevent deith in 
fitiiiv or cachexia lu the totil alxnec if pantbvroid In light of our 
pn'^ent exjiorimontil and clinical experience parathvroid transplantation 
>s the most promising tliinpj lu ill tvpes of parufhvroid dtficiencv, 
whilt diet diuresis and lime <alts prr fi inmlv control the conditions 
Till oxtremelv coutlictinc r<«iih3 of pirithvmid organotlicrapv loth in 
Jiiiiti uij aniniil^, arc. prubibh due to tin freqiicucv of acce «or\ para 
thvnndq so th it alleged complete paiatlivroidoctoniv is in minj eases, 
niilv partial pinthvrouleitonn with teiuporarv nenous livpercxcitabilitv 
and tptanv svmiptonis Netordiiip, to the re c irches of llnlsted and others, 
inh panthvmid remnants wilt undergo livpcrtrophv and mav hnallj meet 

entire need of the oi^iini«in in which < isc the animal or tho patient 
recovers pcrmaneiitiv \nv therapv of uch temponn tetanv conditions 
^ill bo succcsaful, bv poH hoc reasoning aItbon,^h it has nothing to do 
^*th the reooverj of tho animal or the patient except such measures as 
may temporarilv cheek the hvpercxcitability of the nervous tissue 

"With the modtni care in thvroid surgorv eases of definite para 
thvroid deficiency in man beeomo less fr»X[uent Parathvroid organ 
othcrapv of other tvpes of clinical tetanv will contribute little or nothing 
to medical progress until further advances have boon made in the phv si 
pathology and eliemi trv of the parathvroid glands Put the 
diptarv diuretic and eileium lictatc therapies of Dragstedt and Luck 
tardt mav prove beneficial m these disorders 


THE PAKCBEAS 

In 1889 von ilering and "Minkowski discovered that complete extir 
pation of the pancreas in the dog produces fatal diabetes This has been 
abundantly confirmed on all species of vertebrates so far investigated 
ba attempts of Pfluger and others to show that the diabetes following 
reraoTal of the pancreas is due not to the absence of the pancreas but to 
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Berkeley relieved the symptoms of gaslnc ielany h^ the administra 
tion, b mouth of fresh hoof piritlivroids, Jtoffitt also reports faiorable 
results from the use of the dried powder, mul hter from Inpodermic 
injections of the nucleoproteid of hotf pqnith> roiiK 

loewenthal and Witbrcclit obtaimd good results from piratlijroid 
feeduif, in nifintilc tetanv, but others Imc reported cntirelv negative 
results 

Berkeley reports better results from the aclnimibtntion of parathyroid 
m paralysis agitans than from any other remedy Of tyvetitv siv cases 
treated, tive were not benefited, three shoKecI temporary irnproyement, aod 
oigbtcou greyv progressuely btthr during the yyhole period of tnatmint 
Roussy and Clunct obsened slight teinporiry nnproycmLiit m two oases, 
a distinctly bad effect m two otlitis, and no fffect in a fifth cast 'llicv 
report a condition of parathyroid hyperplasia (yvhetlier primary or set 
ondary not determined) in this disease Oppcnhcini riiommcnds the 
admuustrUiou of doses corrcspondni{, to 0 0 grun of the fresh gland 
several times a day 

Favorable results liayt been reported from the use of pantlnTOid m 
eclampsia, epilepsy, idiocy, and cLorca— cspcciallj m adults (Gnravini) 
It will bo recalled tliat several chiiiciana haye reported favorable effects 
from the use of thyroid extract m echtnpsia, on the theory that this tjrpe 
oftetanj IS due to thyroid deficiency (Nicholbon, Stunner) 

Moms reports injurious effects follomup, prolonged administration 
of parathyroid gland In nioutb In a patient with parily«is agitans tie 
feeding produced disturbing, mental symptoms and insomnia, but no 
improyement of the pirahsia igitans 

SuMMArr 

1 Parathyroid deficiency m man and experimental animals leads 
to chronic neryous hyptrexcitability, occasional tetmy, and some cachexia 
Total loss of the parithyroids li ids to death in from ty\o to fifteen days 
in tetanv or extreme cachexia, especiallj in cannvorous animals Ho 
primary diaturbmce folfoyying parathyroid ablation appears fo !« due 
to a toxemia, primarily of the intestinal (pntrefiction) origin, and 
nccumulation ot toxic protein denvatues in the blood 

2 All therapeutic measures that temporarily reduce the oxcitabibtv 
of the nervous system yyjll diminish or preycut pirathvroid tetany tem 
piirarih, but they cannot sive the lift of the patient or the txperimintal 
animal m total absence of the parathyroids 2ho te tany is controlled and 
life prolonged indefinitely hy diets thit render the nitestmal flora acidur*'’ 
hy marked diuresis, and by feeding, layge qumtitips of calcium lactate, 
but these surviving animals arc in a state of 1 itcnt tetany 

3 No definite causal relation between paritlnroid deficiency and 
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eelamp*!!, lufnntile Utans, gastro iiiUstiual tPt^n^ pnraljsis agUiHS, 
idiopathic epilcps\, ott lias, bwn eo fir c taUislied Tlie reports on 
pirathiroid ort.uiotlienp)) m the c maladies arc so conflicting ind uti 
it! fiUor' tint no TiliaiKO can Ik* placed on the ftw fiiorablc results 
rccordid Pirithiroid nrpanofhcripi in these conditions is at prc'cnt 
purely eiptriiiiciifil and empirical 

4 The re iilta to date on man and cTpcninenUl animals indicifo 
that true parathiroid tctaiii cinnot he controlled, ticii tfinponrih bv 
P'liic pantlnroid gland li\ month or hv transfusion of norniil bbod 
ibe h^po^KTlnlc nr intramiivnilftT ndimnistration of paratbMOid i^tracts 
iiof d( ubtfiil laliic cun as a timporm inoisurt and animal expcrimr nts 
show conJumtlj that such adinini tration fails to preieiif diatb in 
tptini or cacluxia in tbc total ab ence of parathvroid In light of our 
pri-sint exiK'niTipntal and clmieal tTpencnci piratlni-oid trinsplantntion 
14 the most promising tlitnpjf in all tapes of paratharoid deficiciicv 
tihile diit dinnsis and linic. ^alts (vr ot nienh control tlir conditions 
Tk catrmch conflicting ri«iili8 of piratlnroid org-inotbcripi ktb m 
man and atiimib an. probibh due to the frcqnenci of lete or' ptra 
tinroida kv that allrgid complete piratli\roi<lccfoni\ is m iiianv ci«e 
in!' pirtHl paratli'roidufom' iiitli timporar' mnoiis i'pcrexcitabilit' 
and tetau' snnptonis \c<ordin^ to the rcscanbcs of Halsted and others 
virii parathjroid rimiuiits will undergo 111 pertrophy and in" finally meet 
the entire nred of the organism, in which ca < the animal or tlio patient 
««'er8 pinnanontlj \iii therap' of such teinporiry tetiiiy conditions 
will be uocessful b' po«i koe reasoning although it lia« nothing to do 
’’'ith th recorery of the animal or the patient, except such measures as 
may tempuranlj chock the hypercxcitabilit' of the ntnous tissue 

>> ^\lth the modem care in th'roid surgen ca«c8 of definite para 
t&'rnid deficiency ni man become kis frequent Parathyroid organ 
othcrapi of other ""pes of chmcil titany tiiU contribute little or nothing 
to medical progre s until further advances h"c liccn made in the ph"! 
pathologi and chemistry of the piritlnniid glands But the 
caloinm licrtate therapirt, of Dragstedl and Lock 
srdt may prove beneficial in these disorders 


THE PANCREAS 

In 18S9 Ton Menng and 'Minkowski discoiercd that complete extir 
' ton of the pancreas in the dog produces fatal diibctes This has been 
On antic confirmed on all species of Tcrtclratcs so far investigated 
'' stt mpts of Pfluger and others to show that the diabetes folbwing 
®oval of the pancreas is due not to the absence of the panerea but to 
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injury to tho duodenum and tlie ner\cs connecting the pancreis with the 
rest of the viscera, must bo considered a failure The original conclusion 
of von ifcring and Jlinkowaki is dofimtclj established Tho complete 
or itearU complete loss of the pincreia results in fatal diabetes The 
more recent imestigations of tlie condition of the pancreas in elmieal 
dnlictcs (Opie, Allen and others) have shoi’m that m sciere dnbetes 
or in deaths m diabetes there is nsnnll^ more or less dcgontration of the 
pincrcns, cspocnll} in the island tissue Ihc conclusion tbat the pm 
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Pio Stained Iitba \itam by XeirmAL Pen Thw shows the norroal variations of 
the svM and fre^iency of the islands of Langethans— ^ark areas (Benslev ) 


creas is absolutely essential to life and to carbohydrate metnboliam is thus 
based on experimental and clinical data, and established beyond a doubt 

The part of the pancreas concerned in this function appears to be 
essentially the islands of Langerhans This seems to be demonstrated 
by the following facts 

1 Loss of tho external pancreatic secretion (by permanent fistula of 
tho pancreatic ducts) docs not induce diabetes 

2 Ligation of all the pancreatic ducts leads ultimately to complete 



Tllf PA^CRFVS 


687 


degeneration of all tlie pancreas tii>suc CTcept tlie islands of Langerlians 
—at ka t in animals like tie rabbit and guinea pig Such animals with 
onh islet tissue loft do not develop diabetes unless these remnants of the 
pancreas are extirpated 

3 In clinical diabetes the pancreatic lesions usuallj miohe the islets 
Despite those facts the xici\ that the entin. pincrtis tissue is concerned 
in the maintenance of tlio capaciU of the tissues to oxidize the carboh> 
drates is still mamtamed hi some clinicians and biologists This view 
finds Its strongest support in tho fact that human diabetes ma\ reach 
a fatal issue while there still remains an abundance of appireiitl^ normal 
ulind tissue in the pancreas as detevnuned histologicallj It is possible 
however that normal function is reduced or lost before anatomical or 
chfmical degeneration of the cells reach such magnitude that the\ can 
he detected b\ the microscope This tlieorj of idciitit> of function of the 
entire pancreas was aNo supported b> the work of Dale Vincent and 
Tlioinaon and others which appeared to show that the islets represented 
onlv stag! 3 of fatigue or rest of the ordionn pancreas tissue Lsgucsse 
Denslev, and others have shown that this is nnten ible While the islets 
and tho acini develop from the same cmhrjological anlagc (the colls of 
the ducts), when finally diilerentiatcd thc\ slow constant and specific 
atructiiTol and chemical characteristics, evidently indicating specificity of 
function and there is no foundation for the view that the one tissue 
IS or can be transformed into tho other 

The Islands of Langerbans — The mimla r and size of the islets vary 
gteativ in dificrent spec ics, as well as in individuals of the same species 
In some fi«hes thej art macroscopic, and separated from tho rest of the 
paacrcas In man the islets have bi.cn estimated to make up one twentv 
fifth to one one-hundredth part of the entire pancreas tissue or a total of 
2 3 grama In a normal animal five sixths of the total pancreas can be 
removed without inducing diabitis, so that the factor of safetj' is verv 
great Ihe total number of islands in mammals appears to be fixed at, 
or rather before birth (Bcnslev) 

Lane and Bensley have shown that the island tissue la made up of 
two distinct tjpps of cells, showing specific staining reactions a less 
abundant alpha type and a more numerous beta typf According to 
Unmans it is the beta tells that diow degeneration changes in clinical 
diabetes 

The i»lets devtlop from the undifleTentiated duct cells and maj or 
may not retain tins original connection with tho ducts but in either case 
the blood supply of the islets is greater than to the rest of the pancreas 
tissue In this respect the islets resconble the adrenals and the thyTOids 
In fact blood sinuses similar to Uioso of the adrenals have been described 
la the islets (DeWitt) 
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The islets are also aUmdantlj supphed witli nerve fibers (Gcntes, 
Pensa, Lagiiesse) Groups of ganglion cells are al-^o distributed lu the 
bod\ of the pancreas The fnnetion of the nencs distnbntcd to the 
islets 13 miknoini Some of them ore nmloHbtcdis lasomotor nerres but 
others fortn a network lietncen or aroiiiid the islet cells, which appears 
to indicate a «ccTctor\ or reflex function 

Expcnmental Pancreatic Diabetes — Fxtirpation of the whole or 
more thin sixseienths of the pmcrcas Icids to fiti! diabetes m all 
animals In birds pancrealectonn leads to h'perg.htcniia, cachexia, acd 
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death but there is said to ho little or no ^^cosuna, because of the rtlatue 
impermeability of the renal cpiUiclinm of birds to sugar 

FoiloATiu^ the fundamental diseoiery of pancreatic diabetes hi xon 
“Menng and Jfinkowski in 1889 a great nmonnt of work lind been done 
to elueidate the nature or mechtmito of this diabetes (ef Allen, 191-1) 
The following facts are established 

1 Hyperglycemia aud glycosuria appear wtthm a feyr hours after 
pancreatectomy and togeth^ -ttith polyuria poKplngn and polydipsia 
peKist until shortly before death, cyon whew no food is gnen H 
hyperglycemia of human or experimental dialictea is snffieientlv marked, 
the sugar appears m the salua gastne aud pancreatic juice and »« 
bile (Garlson and Ryan Pearei) 
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2 The liver and the muoclea become practically free from gh cogen, 
but the essential factor appears not to be the inabilit\ to store gljcogen 
(alimentary glycosuria) but a greatly ditmatshed capaaly if not com 
fleU t«aZ)i7i<y to oxidize the sugar It w of course possible that all 
carbohydrates must first lie built up into animal starch or ghoogen liefore 
oxidation, but this seems improbabU since this implies «(iine structural 
differences in the glucose molecule before and after being a member of 
the gheogen compler and wt, havi as yet no evidence thit this is the 
case The respiratory quotient is tlienfore low (Alurhn and Ivramer) 
Jiishi states that perfusion of the hver of pancrcitcctomized turtles with 
Ringers solution plus glucose leads to stori^t of glveogen in the liver 
cells. 

3 There is marked polvpLagin (LiicUiardt) and a striking increase 
(1^ to 20 per cent) m the total metabolism per unit of bodv weight 
(Morehouse, Patterson, and Stephenson ) There is no rise in the rcspira 
tory quotient after giving glucose or fructose The increased excretion 
of the acetone bodies parallels the inert ast in the D I* ratio 

4 There is usually some acidoMS and kttonuria, but these symptoms 
of diabetes arc, at least in the dog not as inarkctl as m clinical diabetes 
and the coraplotelv pancrcatcetomizcd animals die apparently from ex 
treme inanition or from interciirrcnt infections rather than in diabetic 
coas due to acidosis 

6 ^hen the pancreas remnant is too small to maintain normal sugar 
tolerance and metabolism, the pancreas rest is more likely to undergo 
gradual atrophy than to show hvpertrophv with the end result of abso 
lute and fatal diabetes (Sandmeyer) The incompleti. diabetes in aiumals 
following extirpation of more than 8o per cent of the pancreas can 
apparcntlv bo intensified, and the appearance of complete diabbtes and 
death hastened by a liberal carbohydrate diet (Thiroloix, Allen Carlson 
ond Jensen) 

0 Complete pancreatectomy leads to death m from three to eight 
weeks, in the case of dogs, urespectivc of the age of the animal (Carlson), 
while diabetes mellitus is usually more rapidlv fatal in children than in 
adults and m old people 

7 The persistent hyperglycemia and glvcosuria and the low respira 
tory quotient show that the pancreateetomizctl animal bums practically 
no sugar yet the study of the sugar oxidation capacity of the blood and 
of individual tissues like skeletal muscles and the heart hav e so far revealed 
no difference betvyeen the norma! and the diabetic animal (Claus and 
Embden llacl^an lIcGuigan Patterson and Starling Jfacleod and 
Pearce) The respiratory quotient of the dogs heart averages 0 71 irre- 
spwtivo of whether the heart is that of a diabetic or a normal dog (Starling 
and Evans) But Hepb um and latdiford have recently reported that 
adding a purified pancreatic extract (msnlm) to the perfusing fluid 
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The islets nre ilso abimdantlj supplied mth nenre fibers (Gentes, 
Peuaa, Lagiiease) Groups of g^nqlion cells are distributed m {be 
boil\ of the pincrcia The fiinetioti of the uenca distributed to the 
islets IS nnknoirn Some of lliem are undoubtedh iisoinotor ■nervra, but 
others form u network between or around the islet ceils, which eppoars 
to indicitc a secretorj or reflcT function 

Experimental Pancreatic Diabetes — rxtjrpition of the whole or 
more than aixscienths of the p-incre-is leads to fatal diabetes in all 
animils In birds piticreitcctoim leads to hipcTpljcuiii't, cachexia, and 
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death but there is said to bo little or no gljeosHria, because of the relative 
iinptrmeabihtx of tho renal cpithclnnn of birds to sugar 

Following the fiindomcirtal discoxcrj of panertatn. dnbetes b\ "von 
Jlcniij, and Minkowski in IPSD, a great amount of work hid been 
to elucidate tiie nature or mechanism of this diabetes (ef Allen, 191'^) 
Tbe following facts are establidicd 

1 Hjpergljcemia and glycosuria appear wilhm a few hours after 
pancrcatcctonn and togethtr wttli pol'uria |>ohp])a„n and pihdip^ia 
persist until shorth before death, c\cn wlicu no food is given If 
hyperglveemia of human or experimental diabetes is sufficiently marked 
tbe sugar appears «i the saliva ^stric md pancreatic yuice, and in the 
bile (Carlson and Uvaii Pearce) 
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very low lu the pig and the heip (Carlwii and Drciimn Ilnntcr and 
Hill) In noriml per on<! four hundred to h\t hnuditd j^riins of gluco e 
mnv l« gi\en mouth nithont inducing poKuria or gKc> iirii (Ta%lor 
and Ilulton) In normal mtn ind mimils the o\iditioii rt sugar is jn 
cm (d m proportion to the qumtit\ «f Mi^ar given intr ncinush up to a 
verv high limit {\\no(l\att) 

Ihc endeavor to detcnniiie how ah tmt of the painri is causes dia 
ktes IS pr'icticillv n record of njKitcd failures Uie h idiiig idcx lu 
all this work has been tlic mtiniiil ccntiou fhu r\ nr thit the panercis 
viclds some siibst mcL to the bl lod in some w i\ iu<t» irv for tlic oxidation 
of the sUpir bj tlic tissue cell Ihc new iiuthcd cf attack, intruducod 
b\ Cihiihcini Ins not vieldtd eunsisUnt icsiilts (Cluis iiid 1 mbden lie 
Giiigan) and in tb( Iij,ht of the hndiiigs f Icvcm ‘ind Aleve r the method 
it elf IS called m question as it ajqH iis that m i mixture jf muscle extract 
and p-iiicrcas extnet Jiico c 18 imlvnurind net ixidizid No light on 
pancreatic diibetes has so far Urn shed hv studviiin the sugir oxidizin^ 
power of tissue di liris or tissue oxtruts 

Blood Traosfcsion — It the pviurc is <oiiti >1 the i xidation of su„ir 
wi the tissue hv x hormone or hoituouis tin < inii t bi pre ent in the 
Hood, and unless tlicv ire extrcnieh uiistihh n pr< uit in verv minute 
tracts It hoiild lie possible to incrci c h nijn nrtlv the sngxr oxidation 
m diabetic nninnU and p itioits In tnusfnsi.ni it ii< imal blood in snffi 
cunt quantities But the results obtuned b\ this inetlnd art both con 
flictiiig and difficult to intcipret 

Lfpmc rcpoits a tcinpurarv diminution iti the output in the urine, 
lilt no diminution in the Hood sugar This would ctm to point to some 
injurtous action of the foreign blood on the kiduovs — i su^gevton also 
advanced b> Kedon — but Kabciw his liowu tliit ttinsfuaum of normvl 
blood into diabi tic dogs docs not inlliunie the output ot anv of the unnarv 
constituents except the sugar lle&s injected intnvenoiislv to I'JO c c 
of Hi od from dialictic do^ into uorraal do„s (on the tlicorv tint dnbetic 
Hind might stimuhtc tin paiiert is to n greater output ol intern il cere- 
hm) an<I nine to fourteen hours liter he injected the scnim troin this 
animal into diabetic dogs The influence on tlie gheosiiria of the dnbetic 
mimal was slijrht or inconstant lu view of the resulti of Drcnnin, it 
''cnis Iikciv that in the experiments of Hess the pancreas secretion in 
^hc Hood was destroyed bv the deliv in centrifiung the blood Alexander 
3nd Ehrnisnn luiceted blood from the pnncrcaticoduodcn il vein of nonml 
JooS into dnbetic dogs but olitxincd nv definite or ton fant decrease of 
'he glvcosuna 


Hri iin 111 injected Ofnl/Otc of fresh dcfibiiintcd dogs Wood into 
the Veins of diaktic, digs and immiblv obtximd i tempurarv bvveriiig 
ef the urine siigir anil the D N ratio D hbrinated sterile blooil lo es 
this action on stiiidmg for x few hours The conme of the blood siigir 
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incroisos tlie gliico«o consumption of the excised and perfused mammalian 
heart 

Certain other features of experimental pancrcitic diabetes maj be 
noted Epstein and Baehr claim that there is an im-rcase in the blood 
\olnme (phsmn) in dogs and cits after pmcrcitcctonu, irrcspectne of 
whether the ‘iiiimnl is fed Hoskins and Gunning state tint m dogs after 
complete pmcro itcctoim the blood pressure rtmmis either normal or 
eomcwlnt depressed Renctioo to axltcuxlin is usu-itU augmented, to 
nieotin lariablc but usinlK depressed 1 litre is no evidence tint the 
pinert is nnnnallv exerts i depie sivc action on the svmpitlietic nervous 

system They found 



tro 7 — Shall Pobtiox or A^ Islet op I AtccniiAVS 
OF THE &U1XEA I lO Shows IS cells filled viitli 
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no evidence of increase 
111 till idrcniliii con 
tent of tho iilriiuls 
after pancrcvtcctomy 
Verzar ind Fejcr 
cl'ivm th'vt 'ulmuvistra 
tion of glucose during 
the first three to four 
divs 'ifter pujcrea 
tectom} r uses the les 
piratorv quotient 
This, if true would 
indicitc that tho pin 
cro IS hormone persists 
in. the blood jud 
tissues for several 
dajs This is prob- 
able It must be 
remembered, however, 
that all tho sugir of 


the food or from tho endogenous protein metabolism do« a not appear in 
the urme even in animals and patients showing the D N ratio of 3 05 1, 


yyhich Lusk has deMgnatoiI ns the index of ah ohite diabetes It is not 
known what become-i ot the retimed sugar In diabetic patunts “the 
rc'ipiritorj quotient fails to accoimt for all the carbohydrates that dis- 


appear m the bodj’ ( •kllen and DuBois) 

Numerous attempts Lave been made to explain the glvcosunn of dia 
betes b\ the increased rate of liberation of tho sugar from some hypo- 
thetical sugar protein or sugar colloid combinations m the blood The 
dialysis expenments of Van Hess and ifcGuigin seem to demonstrate 
that all the sugar in the blood i» pn.!>ent m simple solution, that is, lU 


free form 

The carbohydrate tolerance varies m different species 


It » 
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13 subacqiicnth eliminated b\ the kidnovs ns ercess siigai as suggested 
bv llurlin 

The blood transfusion aa suth docs not impair the kidneas activitv 
in ana demonstrable naa, either in diabetic or m normal digs The tern 
porarj lowering of the ghcoswria ot pancreatic iliabctes b% transfusion 
of normal blood is duo to the diminished hapcrgKctmia not to hidnov 
iDjura but it remiins to be demonstrated that this retained sugar is 
actuallj’ oxidized bj the tissues 

Parabiosis —I xpcnniental svmbiosis or parabiosis of two mammals 
13 accomplished nsualh ba union of the km and the abdominal walls 
of two sisters or brother^ It was originally thought that such union of 
two animals would had to a direct \a eular eoniiectiun between the two, 
but It IS now known that this is not the css* There is no fusion of the 
capillary systems of the two animals in the region of the tissue union 
but the capillary systems of the two animals arc m so close contact that 
chemical aiibstanees injected into one niiima] soon appear in the blood 
of the other animal On, the basis of this fact one may reasonably expect 
that the blood hormones of one animal will find their way into the body 
fluids of the other animal On this tlieorv Forsbach extirpated the pan 
creas of one member of two such pirabiotic pairs (dogs') In every ca o 
a slight temporary gUcosuna nppeareil m both animals But because 
of accidents both experiments yverc terminated btfore deflnite results 
were obtained 

Pregnancy — It was shown bv Pearce that the islets of the pancreas 
appear early in f« tal lift There ippenrs to be no diabetes or glycosuria 
in human infants born two or three months before term. This would 
•eem to show that the pancreas hormones become of functional importance 
to the fetus a considerable time before tbc end of gestation On the basis 
of these facta Carlson, Drennan, Orr, and Ginsburg made complete pan 
createctomy in pregnant bitchfs near term In all ca'^ts iiliere this open 
twn ts 7ioi foUou-ed iy ahorlton the hlood sugir and the unne remain 
normal until the pups are horn or remoted by eesanan section Complete 
pancreatectomy m bitches in early pregnancy leads to abortion or at 
least to death of the fetuses m one or two weeks and the course of the 
diabetes is not influenced 

This absence of diabetes may be due either to the pancreas hormones 
of the fetuses passing into the mothers blood or to some detoxicating 
action on the part of the fetal pancreas 

Tbere is a seeming discrcpanev betyveen these results on pregnant 
dogs and the usual clinical experience on the effects of pregnincy on the 
course of diabetes in the human The clinical experience appears to be 
unanimous on the point that pregnancy augments the diabetic svmptoms, 
and hence the practice of temiinatuig gestation in diabetic mothers Noiv, 
even if m their primary cause all cases of diabetes mellitus are identical 
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111 the injected animals was not studied Hedon has reported a \ery exten 
sne senes of Llood transfusions in diabetic dogs Direct transfusion 
from a normal dog into a diabetic dog proMonslj bled drj causes a 
temporin louenng of the blood sugir and dccrcisc or complete suppres 
Sion of the gl_)co3uria but, since the same results were produced when 
blood from a diabetic dog was transfused into another diabetic dog, Hedon 
concludes that the temporary diminution of the luperplvccinia and glvco 
suria following the transfusion was not due to an> specific pancreas secre- 
tion in the blood but to i lowenng of the blood sugar b^ dilution and 
to a toxic action of the loreign Wood on the iidnejs The results of 
the cros-, transfusion experiments reported b> Hedon do not concern us 
here, since these ma\ be interpreted in various wo^8 (detoxication ot the 
pincrcifl, storage of gheOg,cn in thcnonnal animil, dilution of the diabetic 
blood etc ) Hedon also truisfusod (cross transfusion as well as scrum 
injections) blood from the pancreatic vein of nonnal to diabetic dogs 
A slight tomporara lowering of the liapcrgljconna with a greater redne 
tion of the urine sugar was noted, but the latter is interpreted ns duo 
to an injunous action of the foreign blood on the hidncas Hedon eon 
eludes tint the internal sctrctioii of the pancreas acts on and is absorbed 
b\ the Iner and is, therefore, not present in the blood of the svstcmic 
circulation Hedon attempted to obtain evidence in support of this vie" 
bv mtroducing a living pancreas in the svstemic and in the portal circula 
tion of diabetic dogs With the living pancreas interposed in the portal 
circulation the hvperglvcemia and glvcosuna were diiniiiished, but 
when it was interposed in the general circulation the pancreas had no 
etfcct 

We do not think that these latter results of Hedon can be accepted, 
in view of what is known concerning the carboh;)dratc inetabolism m dogs 
with Eck fistula In the animal with the Lek fistula the inttrnal seen, 
tion ot the pancreas, if there is one, must pass into the general circula 
tion, and oulv a small part of it can re ich the liver bv wav of the hepitic 
arten, just as in Hedon’s diabetic dogs with the living pancreas from 
another dog interposed m the general circulation, jet the Eck fistula 
dog does not develop diabetes. 

Hurlin and Ivrjmer reported one expenment with transfusion of 
noimal blood into a diabetic dog showing slight rise in the respiratory 
quotient, as a measure of sugar oxidation 

Carlson and Ginsburg found that the transfusion (without anesthesia 
or previous hemorrhage) of normal blood into dogs m complete pancreatic 
diabetes causes a temporarj (four to eight hours) lowenng of the hvper 
ghcemia and the gljcosuni Similar transfusions of diabetic blood into 
diabetic dogs have no effect on the hypergljeemia There was no indi 
cation m these results that the sugar retained by the animal in conse- 
quence of this temporary lowenng of the sugar excretion bj the kidcevs 
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1 ? subsequently eliminated the kidneys as excess sugar as suggested 
bv llurhn 

The blood transfusion as sucli does not impair the kidneis activity 
mam demon trable lva^, citlitr in diabttit or in normal dogs The tern 
porarj lowering of the ghcosnrin of pancreatic diabetes bi transfusion 
of normal blood is due to the dimini&lied h\pcrgl\ccmii not to kidnev 
iDjurv but it rcmuns to be demonstrated that this retained sugar is 
aetualh oxidized by the tissues 

Parabiosis — hxpi nniental symbiosis or parabio is of two mammals 
is accomplished usua11\ by union of the skin and the abdominal walls 
of two sisters or brothers It was origiiiallv thougiit that such union of 
two animals would lead to a direct vasenlar connection between the two, 
but It 13 now known that this is not the case There is no fusion of the 
capillary gvslema of the two animals m the legion of the tissue union 
but the capillary si stems of the two animals are m «o close contact that 
chemical substances injected into one animal soon appear in the blood 
of the other animal On the basis of this fact one maa reasombh expect 
that the blood hormones of one animal will timl thtir way luto the bod% 
fluids of the other animal On this theory Forsbich extirpated the pan 
creas of one member of two such parabiotic pairs (digs) In every case 
8 slight temporary glycosuria appeared in both animals But iKcaiise 
of accidents both experiments were terminated before definite results 
ivero obtained 

Pregnancy — It was shown bv Piarce tlut the islets of the pancreas 
appiar early in fetal life There appi irs to be no diabetes or glycosuria 
in human infants born two or three months bclore term This would 
seem to show that the pancreas hormones become of functional importance 
to the fetus a considerable time before the end of gestation On the basis 
of these facts Carlson, Drennan, Orr, and Gmsburg made complete pan 
createctoniv in pngiuiit bitches near term In all cates itlierc (his opera 
twn IS not foUoued by aborlwn the blood sugar and the unne remain 
normal nnlil the pups are bom or remoied by cesanan section Complete 
pancreatectomy in bitches in early pregnancy leads to abortion or at 
least to death of the fetuses in one or two weeks and the course of the 
diabetes is not influenced 

This absence of diabetes mat be due either to the pancreas hormones 
of the fetuses passing into the mothers blood or to some detoxicating 
action on the part of the fetal pancreas 

There is a seeming discrepancy between these results on pregnant 
dogs and the usual clinical experience on the effects of pregnancy on the 
course of diabetes in the human The climcal experience appears to be 
unanimous on (he point that pregnancy angraents the diabetic simptoms 
and bence tbe practice of tennimtiDi, gestation in diabetic mothers JTow 
even if m tbeir primary cause all cases of diabetes melhtiis are identical 
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with that of experiment'll pmcreitic diabeft-^, tiio f-worahlc action of 
the fetal pancreas on the niotlitr would eomc onK late m pregmiicv, ami 
the (listurhanccs m digestion^ ciiculation, uid emotional stites, etc, of 
the first half of pie^nane\ would undoiilitcdiv act nnfnon!]l\ I’lit, 
so far as we have Imn iWe lo learn, tfit «nfi\orihle action of prCp 
nnnc} on clinital dinbetts during tbc second half of gestation is e\iii 
greater than during tlio first half If this is true, it would seem to indi 
latc a primarj^ difTcrence in the etiologa of diahetcs m man and of 
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experimental pancreatic clnbcfes m other mammals The dilTi-rtncc, 
however, mav bo onl\ nppirdit If the diabetes in the mother h caused 
bj the depression of the pincrtis bt soint subafance in tlic Wood, or hv 
tho inhibition or neiitralizitioii of paucreitjc sccritiou b\ substances in 
the blood rather than b\ actual atrr)pli\ of islet tissue, those substances 
in nil p^obablllt^ would act m tbc sime wav on the fetal pancreas or 
pancreatic hormones, thus gmng tbc usual clinical findings 

Transplantation of the Pancreas — "Most of tin luiiispl mtations of 
the pancreas haie been mere di\loeation of a portion of it, tlic usual 
method being the transphntation of tbc tod of the pincrcas with tis ctr 
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culalton intact to otlior p\rts of the nMamioal cavit\ or c\c.n under 
the skm of the aMoinLii It i bufficunt tpnntitv of the pancreas is thus 
disloiited or transferred nnd care ii taktu to rtt uu the circulation in good 
condition at least for a timi tlu nmaindcr of the pmenas mas he 
extirpated s\itliout inducing ditbLUb (Thirdoix, Ilcdon lombroso Min 
kow ki) But 111 most OSes e\en these truisplints «h »w a tendeuc\ to 
atrophs uitli a gradinl nnsct of dialiftcs. and ultimito death in complete 
diihetes The external ferments of the pancreas are probahh in pirt 
responsible for this griduil netrosis of th« graft Hurt is no record 
IE the literature of transplantation of pure islmd tissue There is cer 
tam]\ greitor hope of success with such tissue than with the entire pan 
ercas Pflu^er filled to influemi the diahttes of dtpaiicreatizcd frogs 
h\ iiisertiiu pieces of the paiicreis under the skm oi m the peritoneum 
Iratt reports the case of one paiicreis autotriiisphnt into the plecn 
(dog) that retained its function (oh once ot diibctcst for six months 
But there is little hope of pmercas transplantation becoming of signiti 
cant \aluo in cluneal diabetes sinci U etnw at pr<sent impossible to 
hcfp grafts of any gland ;>erwin»ifii/ly functional 

Feeding Pancreas or Pancreas Extracts — retding digs in complete 
01 partial pancreatic dnhetes witli fresli pancrcis iiicrea es the gljcosuna 
and acidosis (Sandmc\er Pflu^ir Luthjo Reach Rosenberg Ixirk) 
Cooked pancreas giies ef{«all\ results Ftt ding yf raw muscle 

liior, or other tissue extracts Ins the «ini< unfuorablo mflucnco on the 
pl^cosiinn aud kctoiiuria Aussit and particuhrh Iratt Spoouer and 
Murpln leport gooil effects from Icxdin^ pancreas in partialK diabetic 
dogs but the improacnicnt in the cirl>ob\dnte tolerance was slight va 
riable and praeticalh negligible \cordmg to Mas igli feeding pan 
creas citract to guinea pigs with jexpontnental reduction of the pancreas 
reduces or pre\ent8 the aliminfara p.l\tosurn f illowing carfobydratc food 
Injection of Pancreas Extracts — I p to the \en 1021 subcut ineous 
or intrapcritoiieil inji ctioiis vf extracts of the pancreas variously prepared 
caused temporary ilimmution of the dnbetie animals 

(Caparelli \ aiini Tiberti and rrmehetti Minkowaki Hedon Zuelzer 
Scott, Allen Murlin and Kramer and others) But this temporary dimi 
nution of the output of su^ir in the urine was issociatcd with toxic effects 
sueh as depression fc\cr etc and McTuigan showed that almost any 
thing which causes maikcd systemic depression (such as injection of 
proteo«e«) leads to hypoglycemia and will thus temporarily dimmish an 
existiiij, glycosuria Underbill reports diminution ot glycosurn in dogs 
bv hydrazin Knowlton and Starling and MaeWn and Smedicy reported 
that the sugar oxidation of the heart from diabetic animals is almost nil, 
and in anv eyeiit much Ic s than that of a heart from a normal aiiimal 
but further work has shown these re nits to be due to faulty technic 
(MacLeod and Pearee, and Patterson and Starling) Extract of the 
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piucrcas added to the perfusion solution has no effect on the respiratory 
quotient of the diabetic heart (Storlingond Evans) 

This Mas the unsatisfactorv stato of onr scientific work when, in 
1921, Banting and Best reneWod the imcstigntions of pniicrcis extracts, 
Mith promising results Thev first wide extracts of the fetal piiicreis, 
and of pinorcas rendered atrophic b\ ligation of the ducts, m order to 
ohininato the external pmcrontic secretion Plie o extracts reduced the 
Inperghcosunn of diabetic animals later, in collaboration nith Collip, 
acid and nleoliol extracts were made of the normal adult pancreas that 
similnrlj reduced tlic lopcrghecmia of diabetes and lowered the blood 
sugar 111 normal animals Ihe extract, or rather the active substance in 
the extract, has been named tnsuUn Insulin has so far not been propircd 
m pure state nothing is known of its composition, although Iklnclcod 
Ins reported tiint active extracts can be prepared that give no reictions 
charaetoristic of profenn The extract is toxic, but according to "Mnclcod, 
at least part of this toxicitv is due to the active substance, insulin, tint 
n to the excessive hvpoelvccmin caused bv excessive doses of the insulin 
The expvnmcntal results to date (Jntmarv, 1921) reported bv Banting, 
Best and their collaborators aud workers in otber institutions can bo 
summarized thus 

1 The pancreas extract, insulin, lowers the blood sugar both in 
dinbetca and normal animals This acorns to bo due to two processes 
(1) iiiereaaod forniatiou of glvcogcn by tlio liver and the imtscles, and 
(3) increased oxidation of sugar, ns sbovvn bv the rise in the respiratorv 
quotient Tins action of the extrvet is tempornrv (C to 8 hours) 

2 Continued ndmini«tritio« of (he cxtrict seems to maintain niitn 
tion and prolong the life of dcpancreatizcd dogs, but the work on tins 
plnsc IS not yet conclusive 

3 The extract has little or no effect when given by mouth or per 
leclum It must bi admini&tcrcd parcntcmllv 

4 Tlic toxic effects (depression, convulsion, death) from hrge do«c8 
arc assumed to l»e due to the Inpoglvctmia, since these effects can bi, 
at least in part, prevented bv tlic administration of glucose 

5 The insulin docs not «ecm to l>e tiitinlv spreifu for the pin 
creas, ns extract producing some hvpoglvccmia can bo secured from other 
organs bv identical methods of prcpiratiou But Jlaclcod nports that, 
in fishes, insulin is obtained from the island of Tangerlinns and not from 
the pancreas proper 

C Some fraction of the pancreas extracts nctnnlly produces hyper* 
glyccmia in normal animals (Fislier) 

Pancreas Hormones in Pancreatic Perfusates —Clark placed the pan 
creas in the perfusion circuit of an excised heart, perfused with Locke’s 
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olution containiDf' known quantities of glucose He reported that under 
these conditions the heart consumed more gimose than did the heart 
without a surviving pancreas m the circuit Clark interpreted this as 
proving that the pancreas secreted into the perfusate some substance that 
accelerated the sugar OTidation hy the heart Landes, ti a? perfused 
the excised pancreas with Tjrodes solution for varying pi nods and in 
jected the perfusate intravenously into diabetic dogs There was no 
reduction of the hyperglycemia and glycosuria There is no evidence that 
the excised pancreas perfused with a lunger sugar solution is sufticientlv 
normal to secret! the hormone Clarks results might be explained 
bv death and solution of the island cells It is well known that per 
fusion of organs with salt solutions quickly induce patholoj,ical chinges 
(edema) 

The perfusate takes up depressor suhstsnees (peptones 0 f»o“ the 
pancreas In order to elimmafc these sources of error McCarthy and 
Olmsteud, m our labontory, perfused the excised pancreas (using the 
Woodvdtt pump) of the dog with defibrmated blood Irom the same am 
mal, and then injected the blood intraveuouslv into diabetic dogs Con 
trol experiments were made bv perfusing the excised spleen In other 
control experiments active secretin n^s added to the dcfabrinated blood 
in order to see whether the excised and perfused pancreas was sufBciciitlv 
alive and normal to secrete pancreatic juice In most cases a slight 
secretive response (a few drops) was obtained but this was much less 
than the usual response of the intact pancreas to similar doves of secietin 
It IS, therefore clear that even when tbo excised pancreas is perfused 
With blood the pancreas is so abnormal or depres ed that it is doubtful 
It anv normal function is present Intravenous injection of this pan 
treas perfusate into diabetu, dogs usualU lowered the hyperglycemia, 
hut did not constantly lower the D N ratio of the urine That these 
were toxic rather than physiological effects Mems to be shown bv the fact 
that identical results were produced b> the spleen perfusate It would 
seem that perfusing the exciocti pancreas leads to demonstrable quantities 
of the pancreas hormone m the perfusate only to the extent that island 
cells are killed and extracted 

Itelation of Pancreatic Diabetes in Animals to Clinical Diabetes — In 
their essential featiirts experimental and clinical diabetes are practically 
identical There is the same impairment of the power to bum sugar, 
the identical hyperglycemia tendency to acidosis lowered rcsistanct to 
infection polyphagia, etc The two tvpes of diabetes are influenced in 
the same direction bv diabetic and therapeutic measures (Allen) All 
the evidence points to the view that diibetes mellitus m man is primarily 
due to deficiency or inhibition of pancreatic hormones This does not 
*PpIy to the various glvcosunas (adrenalin nervous, alimentary, post 
operative, etc ) which do not inTOlve impairment of sugir oxidation 
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Administration of Pancreas Preparation (Insulin) in Clmical Pia 
betes by the Mouth — Some of the eirliest itfempts to treat diabetes 
molhtus organotherapeuticalh rverc bj the administration of the pancreas 

tho mouth, it wis hrgelj abandoned \cr\ cirlv, for the results were 
practically ne 5 ,ati\e (Alukenzie, ^^ood, \Miite, de Ceremille, Wilhs, 
Williams, Ronnie and Fraser Pratt, ^\ood, Jlirsliall) 

A few writers (ATee,elc ilcaer, Cowles and Eiistis) have renorted fa\ 
orable rtsulta Some of the e reports coiitam onh imprc sious, m others 
the ghcosuna seemed dependent upon an infection and varied so much 
in seventy thit it is difficult to determine what, if my, effect the trcit 
ment had In Cowles* case the diabetes had followed an abseess of the 
pincreas marked and rapid improvement is stited to hive followed the 
eating of one to six (average throe) raw pancreases of calves dailv 
After diseontiuumg the treatment the patient boeame rapidlv worse and 
died as he probably would have done had the pancreas feedings been 
kept up 

Rcnnit and Fraser administered the islmds of Langerbans obtained 
from fish of certain species m vvbicli tbev occur scpantelv, that is dis 
tmet from the pincreis proper, to a number of diabetics, the results were 

nCg,atiTe 

Sewall found in the earlier stages of one case of voutliful dialiotes 
that the urine could bo made fret of sn^jar b% tbt administration bv mouth 
of infusions of raw, lean beef followed after some hours, by one of 
pancreas neither alone was efficacious and after some months tho com 
bincd treatment failed The method was intffettive m a number of other 
cases No good results attended the use of the cominereial pancreatic 
powder 

Under the influence of the first report of Knowlton and StarliWp 
tho effect ot pancreas extnet on the sugar consumption of the dnbetic 
heart, Eiistis administered 10 to 20 grams of an “active extnet of the 
pancreas ’ every four hours on an empty stomach in four cv&ea of diabete*’ 
He reports diminution of the glycosuria in two of the patients and no 
effects in the others Tlie tjumlin of Banting and Best appears to have 
no effect when given per os or per rectum or bv means of the duodenal 
tube 

There is, however, according to Falta, a small group of cases of 
human diabetes m which the admmistntion of pancreas by mouth gnts 
good results this the result of supplying the external and not the tn 
temal secretion of the gland Filti refers to those ca«es in which the 
pancreas is diseased, so that there is no longer an adequate secretion of 
pancreatif juite into the intestine this occurs nio^t frequently when 
there is complete obstruction of the pancreatic duct In such cases Falta 
states that the administration of laige doses (lO grams daily) of pan 
creatin gives excellent results According to Codv and Hooper, feeding 
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pancreas vitamin to nnnsmic ibildmi stimuHtos growth and improves 
nutrition. Jins is food therapv, not orj,aiiothcripv 

Subcutaneous and Intravenous Injections of Pancreas Preparations 
— V niimlicr of attempts hue Inin mule ti tn it di ibctts i>v iiln.iit uicons 
and intrapentoneal injections of extracts of piucreis with negative or 
iDjunoua results The favorable rc lilts reported by ionic of the earlier 
clmiciansvvere how n bv 1 Huger indbv LesfhVctobf vvliolly incontlusivc 
The more recent attempts of Ziiclzci to ti« it the dinasc hv the intn 
venous injection of a p mere as hrmiiiie wh r.i'cn up hrgclv betaiisi. 
of tovic effects of the extract Diinu., the last vcir the nisiilin ot 
Banting and Best has hcon tried on selected e i&<» ot liiiinni diabetes in 
the United States and Canada It is too cirlv t> re icli dctiiiiti con 
elusions as to the nltimitc vahn ot insaihii but sei tu the nsult* art 
encouraging (Banting ef al ) In saiflieieutlv 1 ir„c doses three times per 
day (livpodermaticallv ) insulin soena fo eontr«l all the svniptoms in nio«t 
diabetic people and peirmit a larger food intake ''imc diabetics are less 
faionhh influenced bv insnlm These miv rut be i isls ol pancreatic 
diabetes The mam drawback to the msiiliii tn itnunt is the toxieit\ of 
the extract and the neeessitv of smb fnqiHiit hvpodermic administration 
Bictarv control will pmbabh alwavs 1 h a tietor in the management of 
diabetes, unless in«nlin tlieripv f m b>rf<r periods miv iiitreosc tlic 
carbohvdrato tolerance more or less pvimancntlv 

Fortnuateh, few attempts have keii nude to tioat human diabetes 
by transplantation of the pancreas Futelier states tint Williams of 
Bristol transplanted the pinercatie gland ot a «lieep under the skin of the 
breast and abdomen of a diabetic The patient the 1 of coma in three davs 
Blood Transfusion — BmJston md UoKhaft ippc u to be the fir t 
to try blood transfusion ns a practical tbenjeutie measure in man The 
patient was a man in the tbirtiis tlie diibftes of «evtnl aeirs stand 
mg vvitli periods of threatening coma The bloid (oOO c e J was vieldeil 
by a twovear older brother of the patient Tho experunent was well 
controlled Ihe Hood tranffiuwn augmented all the diabitic symplome 
for seieral dags following the oieraiton 

Belation of Other Endocrine Glands and Organs to Experimental 
and Clinical Diabetes — In iyO*< 1 ppinger Falta and Piuiinnei advanced 
the theory that diabetes is not due primarily to the hvpotunction of aiiv 
one endocrine gland (for example tluj pancreas) but to a disUirbanc of 
the hormone equilibrium of all tho glands — particularh that of the pin 
creas, thvroid, adrenals and hypopbvsia Tbas view is still held bv some 
(Prown Hatai) The specific influence on carbohvdrate metabolism of 
hypofunction and hvpertunetion of the ulrcmla thvroid and hvpoplivsis 
are di«eu« cd in the sections on thtse glands rc«pcctively It now remains 
to consider whether the livpofunction or hvperfunction of anv other 
organ beside the pancreas is capable of so rLducing the c ipacities of the 
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tissues to store and oxidize sugar that true diabetes follows A cntical 
analysis of the entire literature, experimental and clinical, seems to war 
rant the following conclusions 

1 IIvpo activity of the thyroid, the hjpophjsis and the gonads maj 
slightlv change carbohydrate tolerance, although hirther studies should be 
made on this question hy Woodyatt’s more accurate method of measuring 
sugar oxidizing capacity If true, this may be m reality a tharoid factor, 
as there is some indication of hypertrophy of the islets, at least after 
thyroidectomy 

2 Excessive administration of epinephnn, thyToid extract, and pos 
sibh hypophy«eal extract, may induce temporary hyperglycemia and glv 
cosuria due to increased sugar mobilization But there is no evidence 
that this glycosuria is, or passes into, true diabetes, that is lowered power 
to hum sugar, in the absence of a direct pancreas depression This ap 

also \x> dwtwrbaTicea of the tvotvow a>»te5a. 

S The precise influence of the hypo-activity or hyperactivitv of the 
adrenals, thyroid and hypophysis on the islets of the pancreas cannot at 
present be definitely stated but it is obvious that organs which are as 
necessary to life, that is, to healthy normal life» as the parathyroids, the 
adrenal , the hypophysis, and the thyroid yyill affect the vital proces es 
of the islet tissue, at least indirectly, through the general disturbance of 
metabolism and the circulation 

After a careful experimental and critical reyiew of tbe entire question, 
Allen states that the “polyglandular equilibnuni doctrine of diabetes has 
consisted from the first of ingenious but unfounded speculations ” We 
are in entire accord with this conclusion 

The attempt of Pfluger to show that diabetes m due not to hvpofimo- 
tion or loss of the pancreas, but to interference of nenous reflexes from 
the pancreas to the duodenum and the liver has already been referred to. 
Any general reflex theory of diabetes is untenabli, m yiew of the fact 
ihat eiery organ so far tniesligated eonUnnes to oxidize sugar after com 
plele denenatton The loss of the sugar oxidizing capacity is, there 
fore, a hormone, not a reflex phenomenon But the building up of glv 
cogen, especially by the liver, appears to be parth under nenous control 

Other workers have pointed to the probable importance, direct and 
indirect, of the gastro intestinal tract in diabetes Case has recently re- 
ported a striking parallel betyveen the seventy of clinical diabetes and the 
degree of ileal stasis If the ileal stasis is a primary factor this would 
point to intestinal intoxication depressing the pancreas as a contributory 
factor in diabetes 

The administration of sodium carbonate reduces temporanlv the 
glvcosuna of depancreatized dogs This fact has led Jlurlm to suggest 
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tiiat the diabetes following extirpation of the pancreas ma\ be due in 
part, to the unneiitralizcd HCL of the stomach secretion Murlin and 
Sweet have removed the stomach in depancreitized dogs and tind that 
the glyoisiiria is less severe than with the stomach intact But such am 
Dials aro probablj more depressed than after pancreatectomy alone, and 
the low output of sugar mav be due to this condition 

SuMaiABY 

1 All the evidence supports the view that some substance or hormone 
secreted by the islands of Langerhaiis into the blood is necessary for the 
budding up of glycogen and oxidition of sugar bv the tissues This 
function IS specific for the pancreas Other endocrine organs (adrenals 
thvroid) may influence sugar metabolism in a superficial wav by alter 
mg the sugar mobilization, or bv increasing or decreasing the rate of 
oxidation in tho body m general The rest of the endocrine glands can 
n5t maintain the power of the tissues to oxidize sugar in the absence 
of the pancreas, and the In po activitv or bv peractivitv of other endocrine 
glands does not produce diabetes m the pro cnce of a normal pancreas 

2 While the failure of the tissues to burn sugar m the absence of the 
pancreas i the central and definitclv established fact there are probablv 
other pnmarv defects ind equally important impairments involved in the 
development of acidosis increased metabolism lowered resistance infec 
tion lipemia etc 

8 All the evidence points to the view that true diabetes mellitus in 
man is primanlv the result of pancreatic (islets) deficiency, or inhibition 
of the islet hormones on the tis ues 

4 The insulin of Banting Best Collip and Micleod ma\ prove to lx 
a specific and useful substance m the control of diabetes But so far as 
the evidence now stands it is not a cure and the dietary control of diabetes 
as developed espccialh by Allen Newburg and others will probably al 
wavs constitute a nccessarv factor m the therapy of diabetes 

5 There is no evidence that the vanous pancreas extract preparations 
on the market, advertised as active when given by mouth are of any value 
in diabetes 


THE SUPRARENAL GLANDS 

Anatomy — The aiiprartnal ^jlands of man ami the hi^^her animals 
consist of at least two distinct tissues The cortex is of mesodermal origin 
and beloDj^s to a system known as the trdemnal system. The medulla 
IS of ectodermal origin starting as a part of the sympathetic nervous 
tissues It 18 a part of the ‘ adrenal or 'chtomaffine svstem (so called 
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tissues to store and oxidize sugar thit true diabetes follows A critical 
analysis of the entire literature, experimental and clinical, seems to war 
rant the following conclusions 

1 Hjpo-aetuit\ of the thvroid, the hypophysis and the gonads maj 
slightly change carhohydnte tolerance, although further studies should be 
made on tbis question by Woodyatt’a more acennte method of measunng 
sugar oxidizing capacity If tme, this may be in reality a thyroid factor, 
as there is some indication of hypertrophy of the islets, at least after 
thyroidectomy 

2 Excessiye administration of epiiiephrin, thyroid extract, and pos 
sibh hypophyseal extract, may induce temporary hvperghcemia and glr 
cosiina due to increased sugar mobilization But there is no evidence 
that this glycosuria is, or passes into, tnie diabetes, that is loyvered power 
to hum sugar, in the absenee of a direct pancreas depression This ap- 
plies also to disturbances of the nenoiis system. 

3 The precise influence of the hypo-activity or hyperactivity of the 
adrenals, thyroid and hypophysis on the islets of the pancreas cannot at 
present be deflniteh stated but it is obyious that organs which are as 
necessary to life, that is, to healthy normal life, as the parathyroids, the 
adrenal , the hypophysis, and the thyroid tvill affect the vital processes 
of the islet tissue at least indirectly, through the general disturbance of 
metabolism and the circulation 

After a careful experimental and critical reyiew of the entire question, 
Allen states that the ‘polyglandular equilibrium doctrine of diabetes has 
consisted from the first of ingenious but unfounded speculations ” We 
are in entire accord yvith this conclusion 

The attempt of Pfluger to show that diabetes is due, not to hypnfiinc- 
tion or loss of the pancreas, but to interference of neryous reflexes from 
the pancreas to the duodenum and the luer has ylreidy been referred ta 
Any general reflex theory of diabetes is untenable m yicyy of the fact 
(ha/ eiery organ so far iniesUgated continues to oxidize sugar after com 
plete deneriatwn The loss of the sugar oxidizing capacity is, there- 
fore, a hormone, not a reflex phenomenon But the building up of glv 
cogen, especially by the liver, appears to be partly under nervous control 

Other workers haye pointed to the probible importance, direct and 
indirect, of the gastro intestinal tract xn diabetes Cise has rccentlv re- 
ported a striking parallel betyieen the seventy of clinical diabetes and the 
de"ree of ileal stasis If the ileal stasis is a primary factor this would 
point to intestinal intoxication depressing the pmereas as a eontributorv 
factor in diabetes 

The administration of sodium carbonate reduces temporarily the 
glvcosuria of depancreatized dogs This fact has led Jlurlin to suggest 
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aqua) it is jiri-sciit in pirt of the km and the skin BCtietioa of this 
aninnl is reivirtid to contain tpiutphim ( \bel) 

Ihe siipnreml gland Ins a %cr% rich blood siipph \ccording to 
Neumann the blood snpplj to the e guilds is greater than to anj other 
organ in the l) 0 (l\, or t> to 7 e c per ^,1 un of f.liiiid pci minute This 
enormous blood supplj is iuidoubte‘dl\ ot signihcancc in rclition to the 
secretory and possibly, detoxicating fimctions of the gland 

Each adreml gland rcrrives nnmerous ncr%e ftliineiits from the 
splanchnic iicriis and the ndicnal plexus The nerst hlimcnts ire dis 
tributed both to the cortex and the medulla pirt of the hbers passes to 
the blood \csels (lasouiotor )ienc<i) and pait ippcirs to end around 
the gland cdls (aocrctorj iicmst) fnie SMupithotic nerve cells arc ilso 
found both iii the cortex and in the midulla Nothin^ is known concern 
mg sensory neno siipph to the ndrciuls 

Chemistry of Medullary Tissue — Oliver iiid Vhifer howid tint 
extracts of the medulla of the suprarenal g!and» when injected intra 
lenously, can cd a marked rise of blood pRSSure 

The chemical work of Abel, von Furtb Tikamme Aldnch Dal in 
Stolx, Placher and others icsuUed in tbe isolxtion ol and lator svntheais 
(from coal tar derivatives) of a dohmte chcmicil compoind named b\ 
Abel tptnephrin b> Takamine a/lrenalin Cbcinicallv tins compound is 
dioxjphenjletlijlolmcthvlamm (C^IIuNOj) It la Icvorotatarv Tin 
ermpound made synthetic illy is opticalh inaetno and hts onh about 
one half of the physiological activity of the naliiril compound (Ciisliiu 
bcbultz) It can, however bo separitcil into two opticalh aetuniomirs 
one ol winch, the levorotatory compound eems identical in e\er\ re pett 
with the natural bisc Epinepbrm is prcwiit m all chnimipbilf tissues 
(\ inccnt, Tulk and Maclcrd) It appear* verv eirlv in the letal adrenals 
at least in most species (McCord Fen„tr Cevolitto Liii^lois and Kehns) 
But Lewis failed to detect epinephrm in the fetal adrenals in man This 
13 important in view of the fact that there is no evidence of adrenal in 
sufficieney in preiniturely bom infants It epinephrm is absent in the 
human fetus in lito gestation (seven to ci„ht months), tins substance is 
evidently not necessary for life 

It IS estimated that the normal adreniU of idult persons contain at 
ony one time oiilv^ a fiw milligrams (b to 0) of epiuephnn (Elliott) 
The adanals of lurmal docs eontim 1 to 2 milligrams of epiixphrin 
(‘avdenstneker) Tieiidelenhurg reported that the adrenals of the eat 
secrete into the blood about 0 00 rnilli,,! am of epintplinn per minute or 
about o milligrams per kilo body vveioht m twentv four hours Hoskins 
and McClure estimated the output of epinephrm in the dog as 0 2 c e 
^f a 1 1 000,000 dilution of epinephrm per minute per kilo body weight 
The same authors found that the hloid of the general circulation (dog) 
contains epinephrm in the concentration ot 1 200 000 000 Treudelen 
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from its for the s^lts of cliromic acid) A ^cr^ considerallp 

amount of cliroraaffiiio tissue is found in man outside of the suprarenak 
(m small ma«sos aloiij, the s\mpjthttie ncr\os lud in the carotid gland) 
mterreml tissue is also often found m other parts of the bodj outsidt 
ot tilt siiprareiials 

Thise tuo parts are aintomicilh separated in some fishes, but iii mui 
and the hijier inimak tht\ are so intimattlj connected that it is lerv 

diffieiilt to stiidj their 

/ V functions separateh, 

/ Icd^e on this subject is 

^ ) ko«s and experiments 

/ 47 //J ’ . 5'--^ niVimHfh / ”p°« 

f r •''■ecc 6orv supiircinls 
(mcdnllarj tissue, or 
if I foitical tissue, or both 

f V i'i'T i . 1''* \ combined) occur in 

1 '™° P" 

/ tieulnih the rat 

IhccorlCYm^” 

V y,1 h.imi.ke cdis « 

vV* "V sy^fr ? ^ ingcd in columns and 

double refrac 

t c*\ tne linoid substince 

p>s ti"* 

^ makes up 3^ 8 percent 
^ oi the drj cortical res 

Tig 9 — ''tcTioN m of Ciiiui Twtut Deis iduc (Bitdl) 

Old Low 1 o\\ tn \ outer part of cortex B large '1 he fetal adrenals 






Tig 9 — section oi Si,rinrPMi, of Ciiiui Twtr.it Diis lUUC (iiituij 

Old Low 1 ow tn \ outer part of cortex B large '1 he fetal adrenals 
cells forming 1 juiularj zone of cortex C thin Ujcr of gpo relatively large, 
meiiulla just below le the central vein (Elliott and ^ Sta"C the COrtex 
\rniour ) cxleiidin" throughout 

the whole length oi the bodj cavitj The female rat has a larger adrenal 
gl ind than tho m ilc In other species svich sex ditferences have not been 
made out but there appears to lie some hvpci tropin of the adrenal cortex 


as oci itcd witli the jKiiods of rut and prtgnuicj In man there occur 
ctitim dcgtneiativc chingcs th it lead to diinimitioii of the adieml cortex 
durin„ the first twn wttks afttr birth (lewis uitl PdjiiKnhenner) The 
modified nerve cells of the mcdiilhrj portion irc characterized bv their 
brown color i< ii-tion with chrome acid (chromnplnle reaction) This 
chromaphile tissue has been found in tertam parts of tbe nervous sj torn 
uid i» the skin of vinous imtrtebrites In the Vmerican toad (Bufo 
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2 The quantity of epinephria in tlie bloo<l sufficient to raise the 
blood pressure or to affect the blood pressure is more than sufficient to in 
hibit the motility of the ^astrointe tran! tract In fact the gastro in 
tcstinal tract is more sensitive to the inhibitor} action of cpinephrin than 
the heart and the blood ve sels to its tonic or stimulation action Hence 
as lonff as gaslro intestinal moUhty ts present there i* not enough ept 
nephnnmthe hlood to influence the tone of the heart and the hinod vessels 

3 Complete or practically complite suppression of epinephrin secre 
tion bj section of the adrenal iienes dots not induce lowering of the blood 
pressure or impairment of the heart 

4 The minimum effcctne do e of tpincplirin causes a fall not a rise 
of hlood pressure 


Emergency Theory of Adrenal Function — This theori was proposed 
by Cannon m 1914, based partl> on data already in the literature panlj 
on work hy Cannon and his as ociatts This theory assumes that under 
conditions of marked physiological stress siuli as pain anger fear other 
mtenso emotions, asphyvia, etc, there is a sufficientlv increased secretion 
of opinephnn to hayo physiological and useful action for the suryival ot 
the animal In support of this theory Cannon musters the following 
arguments 

1 It seems veil established that hypodermatic or mtiayenous injec- 
tions of suitable quantities of epinephrm stimulate the heart raise the 
arterial blood pressure increase the coagulability ot the blood mobilize 
the liyer glycogen in the form of increased blood sugar increase the 
resistance to fatigue of the skeletal neuromuscular mpchanisms increase 
the coagulability of the blood, and induce a lempirary polycythemia 

3 It is also established that direct stimuhtion of the peripheral end 
of the splanchnic nerves causes sufficient auj:ineutition of cpinephrin out 
put to hay e demonstrable physiological effects (nse in blood pressure dila 
tion of the pupils etc ) 

3 That stimulation of the sciatic (pain) asphyxia anger, etc , acts 
on the epinephnn secretory ncryous mechanism in the way of stimulation 
Cannon and hia coworkers Anrep and others, base tried to prove by the 
behavior of the denenated heart under these conditions before and after 
adrenalectomy, al o by direct essay (intestinal strip) of the epinephnn 
content of the blood by yasoconstnction in tho deaery ated leg by the rt 
action of tlie denervated pupil and by increased secretion in the de 
tiervated sahvaiy gland Some of these tests were made without anestliesia, 
and the reported results indicate that sciatic stimulatioa (pain) aaphviia 
and strong emotions cause increased secretion of epinephnn 


Steyyart and Kogoff have repeated or checked all of tliese experiments 
^tn with the original methods and with improycd methods of their own 
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burg states that the epmephnn content of the carotid blood of the normal 
rabbit does not exceed one part to trro milliards of blood Stewart and 
Rogoff gi^e the following fignrca for the average rate of epinephnn se* 
cretion (animals under light anesthesia) per kilo hodj^ weight of animal 
eat, 0 00025 milligram dog, 0 00022 milligram, monkev, 0 0003 milli 
gram , rabbit, 0 0003 milligram 

Epinephnn is a rather unstable bodj It is oxidized or destroyed 
only slowly m the blood, hnt rapidiv by the tissue and the walls of the 
blood vessels (Tatum) Hence, giving epinephnn by mouth is prac 
tically without phv Biological effects 

Tonus Theory of Adrenal Function — It seems well established that 
(he suprarenal glands under normal conditions secrete epinephnn into the 
blood of the adrenal veins amtinuoiish and at a remarkablv constant rate 
It was formerh supposed that enough epinephnn is thus secreted b\ the 
normal Tdrenals to maintain a steadv stimiilvtion of, or tonic action on, the 
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heart and the blood vessels, thus aiding in the maintenance of the normal 
blood pressure This constituted the so-called folium i/ieory of adrenal func 
tion The work of Cannon, Hoskins, Stewart, and others has rendered 
this tonus theory vintenable, for the following reasons 

1 The quantity of epinephnn secreted into the blood under ordmarr 
conditions is too small to have any appreciable effect on the heart or the 
blood vessels Hoskins found that it requires 0 42 c c of a 1 1,000,000 
epinephnn per kilo body weight per mmute to affect the blood pressure 
in. the dog and this minimum quantity causes lasodilatation not ta^o- 
constriction (Cannon, Hoskins) The normal output of epinephnn bv 
the dog’s adrenals is onlv 0 2 c c of this epinephnn concentration 
mmute The maximum concentration of epinephnn m the adrenal veins 
is 1 500,000 (Stewart and Rogoff) Even assuming that there is no 
destruction of epinephnn until it reaches the. systemic capillaries the 
dilution of this substance m the arterial blood will be 1 500,000,000 or 
1 1 000,000,000 
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normal (Bedford and Jackson) Stewait Rogoff and Gibson found that 
massage of the suprarenals increases the secretion of epinephnn 

Anesthetics including morpfain decrei^ the epmephrm content of 
the glands (Graham), prtsuinab)^ throng a preliminary increased secre- 
tion But depression of the rate of building up the secretion in the gland 
mav also be a factor The epmephrm content of the glands is al o greatlv 
decreased in many mfictious di eases cspecialK the acute infections such 
as peritonitis (Elliott, Reich, and Eerenegowski Kindley and others) 
But there is no evidence that epmephrm dchtiencv is a factor in the 
debility and prostration of acute infections Pellegrini states that the 
amount of chromaffin tissue is reduced by stircation But Jackson, 
McCamson and others ha\o reported hypertrophy of the adrenals in 
starvation and after vitamin poor diets Thy roid feeding is said to induce 
adrenal hypertrophy 

Recording to Ott and Scott and Oley and Qumquad extracts of pin 
creas liver, nhyroid, thymus gonads kidneys, pituitary parathyroid etc, 
cause an increased output of epmephrm Evidently this is a toxic action 
of protein split products in tlio ti«siu extracts acting via the vasomotor 
center and the splanchnic neryes, and pos«ibly directly on the medullary 
cells It is of no significance in the relation of these organs to the nor 
inal work of the suprarenals 

Dale and Elliott hayc suggested that some of the general systemic 
actions of alkaloids like nicotin and pilocarpin, and the anesthetics (mor 
phis, chloroform and ether) arc indirect effects due to tin, increased out 
put of epmephrm caused by tbeyc substances Stnclmin and yenn in 
crease the epmephrm output Nicotin decreases the output The reports 
on pilocarpm are contradictory 

There appear to be no sea'»onal \anations in the epinephnn content of 
the adrenal gland (Seidell and Fcnger) 

Pharmacological Actions of Epmephrm — Knowledge of the details 
of the pharmacological action of epinephnn has increftoed greatly within 
the last few years and it is noiv possible to express nearly all the facts 
the form of a general law the peripheral effects of epinephnn are in 
mosi cases essenlwlly the same as Ihjse of the shmulaiion of the sympa 
thetic iisceral efferent nerves io the hsiues tnvohed The peripheral 
action is upon the ‘ myoneural yunction which is a part of the ‘ rcceptno 
substance ’ (Langley ) of the cell In sufficient concentration epinephnn 
3cts also on (he central nervous system It also acts on peripheni mecha 
nisma m which sympathetic innervation has not vet been demonstrated 
The following illustrations shoiv some of the applications of this law 

Bloodvessels — The very gnat use of blood pre 'jUic following tlu 
‘ntravenous injection of large doses of epmephrm is due largely to a 
peripheral constriction of the blood yesstls especially of those of the 
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but failed to secure any e\idence of reflex (pam), aspbjxial or emotional 
stimulation of the adrenal medulla 

Tbe tbeorj has thus far no unchallenged experimental support Even 
if future work should pro\e the theory tenable, it must be shown that 
animals with dener\ated adrenals art handitapped in their natural en 
Mronment If that is not the case, the reaction may have no greater 
biological significance than the blushing that may or may not follow tbe 
feeling of embarrassment in some people 

Theory of Epmephrin Control of Functions of Blood Capillaries — 
Extensive studies on dogs, cats and rabbits led Graclincscii to conclude 
that the suprarenal secretion controls metabolism b\ controlling the perme- 
ability of the blood capillaries, and hence the exchange between the blood 
and the tissues Ht claims that adrenal deficiency cnti es the blood pla'ima 
to pass into the tissue spaces and the body cavities to such an extent 
that the concentration of blood-corpuscles becomes twice as great as tbe 
normal The viscosity of such blood is ohMOUsly great and the circula 
tiod correspondingly impeded But U is possible that the transudation of 
plasma from the blood noted by Gradinescu is in realitv an effect from the 
impaired circulation (cardiac edema) But Donath maintains that change 
in capillary permeabihti is a factor This theory should be reiiive tigattd 
in the light of the recent work of Krogh and others on the nervous and 
chemical control of tbe blood capillaries 

Secretion of tbe Epmephrm — Direct stimulation of the splmchnic 
ner^e3 increases the output of epmephrin (Eiedi, Dreyer, Cannon, Elliott 
and others) It is generally a«xum<xl that this is a tme secretory action 
of the adrenal nerves on the medullarv cells But the stimulation of the 
splanchnics causes at the same time vasodilation of the suprarenals while 
It IS well known that this stimuhtion induces va ocon'stnction in all the 
other abdominal oigans innervated by the splanchnic nervts It is not 
known whether the increase blood flow through the glands h\ hormone 
action increases the epmephrin output IVe have seen that the view that 
painful sensory stimuli, intense emotions, and nsphvxia increase the out 
put of epmephrin has been denied by Stewart and Ivogoff on the basis of a 
senes of careful experiments It would ‘«em that some of the work of 
EJlioft, Cannon, and other«, was jrot adequately controlled 

Richards and Wood report that stinmlation of the depressor nerves 
leads to a decreased output of epmephrin, they interpret this as a tnie 
reflex inhibition of the action of the secretory nervev Pende claims that 
section of the splanchnic nerves leads eventually to atrophy of the medulla 
This IS probably erroneous 

Surgical and traumatic “shock’ reduces the epmephrm content of the 
glands to only a fraction of tbcir normal amounts (Corbett) Shock m 
duced by hemorrhage or manipulation of the viscera increases the epi 
nephrin content of tbe blood coming from tbe glands up to thirty times the 
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on some parts of the gut depend^ ou the state of tonus of that part it 
the time of application of epintphrm For etample it the mammalian 
cardia is in strong tonus, epinephnn rauses inhibition it the cardia is a 
feeble tonus, epinephnn causes contraction (Carlson) 

Urinary Bladder — The same k 1 itioiis bold for the VI uldtr is for the 
alimentarv tract m those animals m nhuh stimulation r f the s\mpatheti(, 
causes relaxation of the bladder ind contractions ot the uretlin epinephnn 



I'la 11— a SnuuLATioa Eitect or EFJXErunir on THG Babbit s Uterus (ItagaVi ) 
B Ikbibitort ErrrcT of EpiacrnBia oa the Uteeus or the Pat (Ita^aki ) 
C laniBiTORT Effect of EpiaEPnBia oa the Cits ISTESTiaE (\ouDg ) 


does the same, when stimulation of theaampathetic is without effect upon 
the bladder, epinephnn is also withont effect 

Uterus — The effect of the epinephnn npon the uterus is determined 
“y the character of the sympathetic innerration It like the stimulation 
of the sympathetie, causes powerful contractions of the pregnant uterus 
anil of the non pregnant uterus in certain animals In the virgin uterus 
of the eat however both epinephnn and stimulation of the svmpathttic 
cause relaxation Dale was able to demonstrate the prtsence of a svmpi 
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splanchnic area The constrictor musdes of the bloodvessels are in 
nervated bj the sjTnpathetic (visceral) nenous system In organs (for 
example, brain) in which the svmpathctic vasoconstrictor innervation is but 
slightly developed (or, according to some writers, ab'^ent) epinephrm has 
but little (according to some, no) vasoconstricting effect (cf Wiggers) 
The miniinuiu effective dose of cpincphnn alwavs causes a primarv 
va«odihtation (Cannon, Ho Lins) This appears to be, at least in part, a 
central action, that is, «timulation of the central vasodilator mechanism 
or inhibition of the constrictor mcchani m (Hartman) All strengths of 
epinephrm appear to cause dilatation of the arteries in the skeletal muscles 
This action of epinephrm on the blood eapillmcs is essentially the same 
(both dilition and constriction) as on the arteric*, but some capilfanes 
are refractive to epmephiin, despite their sympathetic innervation 
(Krngh) 

The V 'isocon«'trictmg action of the dmg is ‘»cen when it is applied to a 
inncous membrane or to the abraded and bleeding slin , the structures be 
como blanched and heraorrhiges from small vessels cease 

Heart — E^tracta of suprjnml and epinephrm can e a marked accel 
eration and strengthening of the heart the effects are the same as 

those of the stimulation of the accelerators (svmpalhetic motor nerves) 
The maximum rate reached is the same as the maximum rate after 
stimulation of the accelerators , this rate may be maintained for acme tune 
bv tbe repeated injections of email doses (Hunt) 

In the intact animal the acceleration of the heart is frequently (almost 
alwavs, if the do e is large) prevented, at least at first, bv a simultaneous 
stimulation of the vagus centers, tie latter is attributed in part to the 
high blood pressure, but there is some direct action of the epinephrm both 
on the vagi centers and on the rcspiratorv centers (Brown, Kice and 
Rock) 

The Coronary Circulation — Epinephrm contracts the coronary ve «els 
m man and the monkey, but In other mammals (dog cat rabbit, ox, beep, 
pig) It dilates the coronarv vessels (Barbour and Prince) The e dif 
fcreuces are probablv due to the character of the sympathetic innervation 
of the coronarv vessels 

Alimentary Tract — The effect of epinephrm on the alimentarv tract 
IS on the whole the same as that of the sympathetic nerves When the lat 
ter cau e inhibition epiniphrm does al o, when the stimulation of the 
sympathetic can es contraction epinephrm does the same Thus in the 
rabbit, epinephrm causes reUxjfiou of the entire alimentarv tract wuth 
the exception of the pvloric, ileocecal and internal anal sphincters which 
contract under its influence The action of the sympathetic nerves on 
the alimentarv tract vanes m different species of animals the effects of 
epinephrm vary in a corresponding manner 

But the primary action (be it stmiulatioii or inhibition) of epinephrm 
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on some parts of the gut depends on the state of tomis of that part at 
the time of application of tpinephnn For CTample if the mammalian 
cardia is in strong toniis epmephnn causes inhibition i± the cardia is a 
feeble tonus epmephnn causes contraction (Carlsonj 

Urinary Bladder — The simi lelitirns liohl tor the bladder as for tlie 
ahraentarv tract , m those nnitnals in which stimnlatiou of the s\inp ithetic 
causes relaxation of the bladder and contrictions of tho uiethra epmephnn 



B ISHIBITORT EfFFCT OF FPI’VEPMBl’* O’* THE UTn«.S OF THE R\r ( Ita^ak ) 
C I^HiBiTORi Fffect OF Fpisjtbbis thb Git's Ihtestine {You g I 


does the same when stimulation of the srinpathetie is without effect upon 
the bladder epmephnn is also without effect 

Uterus — The effect of the epmephnn upon the uterus is determined 
by the character of the sjuipatbetic innervation It, like the stimulation 
of the sympathetic causes powerful contractions of the pregnant utenis 
and of the non pregnant uterus in certain animals In the virgin uterus 
of the eat, howeier both epmephnn and stimulation of the sjiapathctie 
cau«e relaxation Dale was able to demonstrate the pnsence of a ssTnpa 
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splanchnic area The constrictor muscles of the blood vessels are in 
nervated hy the fijTnpathctic (\iscerU) nervous svstem In organs (for 
cvamplt, brain) in which the sympathetic vasoconstrictor innervation is but 
slightly developed (or, according to some writers, absent) epinephnn has 
but little (according to some, no) vasoconstnetmg effect (cf ^\iggers) 
The miniraum effective dose of epinephnn alwavs causes a primary 
vasodilatation (Cannon, Hopkins) Tins appears to be, at least in part, a 
central action, that is, stimulation of the central vasodilator mechanism 
or inhibition of the constrictor mechanism (Hartman) All strengths of 
epinephnn appear to cause dilatation of the arteries in the skeletal muscles 
This action of epinephnn on the blood capillaries is essentially the same 
(both dilation and constriction) as on the arteries, but some capillaries 
are refractive to epinephnn, despite their sympathetic innervation 
(Krogh) 

The vasoconstnetmg action of the drug is seen when it is applied to a 
mucous membrane or to the abraded and Weeding skin , tlie structures be 
come blanched and hemorrhages from small vessels cease 

Heart — Extracts of supnreiul uul epinephnn cause a marked accel 
eration and strengthening of the heart beat, the effects arc the «ame as 
those of the stimulation of the accelerators (sympathetic motor nerves) 
The maximum rate reached is (he same as the maximum rate after 
stimulation of the accelerators, this rate maa be maintamed for some time 
bv the repeated injections of small do«es (Hunt) 

In the intact animal the acceleration of the heart is frequently (almost 
always, if the dose is large) prevented, at least at first, by a simultaneous 
stimulation of the vagus centers, the latter is attributed m part to the 
high blood pressure, but there is some direct action of the epinephnn both 
on the vagi centers and on the respiratory centers (Brown, Nice and 
Rock) 

The Coronary Circulation — Epinephnn contracts the coromiy vessels 
in man and the monkey, hut in other mammals (dog cat rabbit, ox, sheep, 
pig) It dilates the coronary vessels (Birbour and Prince) These dif 
ferences are probably due to the character of the sympathetic innervation 
of the coronary v essels 

Alimentary Tract — The effect of epinephnn on the alimentary trict 
19 on the whole the same as that of the sympathetic nerves TVhen the lat 
ter cause inhibition epinephnn does idso when the stimulation of the 
sympathetic causes contraction, epiuephrm docs the same Thus m the 
rabbit, epmeplinq causes relaxation of the entire alimentary tract, with 
the exception of the pyloric ileocecal, and internal anal sphincters which 
contract under its influence The action of the sympathetic nerves on 
the alimentary tract vanes m different species of anizaah the effects of 
epinephnn vary in a corresponding manner 

But the primary action (be it stimulation or inhibition) of epinephnn 
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achiity But it 13 difficult to see how this is possible on the basis of the 
nlation of the adrenal veins to the kidnej arteries And m the general 
arterial blood there is not enough cpinephrm present to act on the renal 
arteries 

Metabolism — Epinephiin has little effect upon nitrogen metabolism 
except in inanition, i\hen it is said to increase protein metabolism This 
effect IS attributed bv Eppinger, Ealta and Rtidinger to a stimulation 
action upon the thjroid Recent work b\ Boothbv seems to show that 
epmephnn increases temporsrilj the basal metabolic rate Cannon has 
reported that intravenous injections of epmephnn indnee temporary elee- 
tncal changes in the thjroid gland, whicli he interprets as due to in-* 
creased thiroid aotnitv But there is no antigomstic action of the thyroid 
glands to epmephnn gljcosuria os determined bv the reaction of the 
animal after extirpation of the e glands (Blum and Mark! Wolfe and 
Thatcher found the nitrogen metabolism normal in a case of Addison s 
di ease The endogenous metabolism as represented by creatiam and 
line acid, was below normal 

Epmephnn has a marked effect upon the glvcogcn sugar mobiluation 
in the bodj This appears to ho due to the stimulation of certain svmpi 
thetic uencs (Tatum) The epmephnn gljcosuna is accompanied and 
caused Iv a hvperghccmia and a diminution of or disappearance of gl^co 
gen from 111 er and muscle Thedegreeof gJjcosuna is Isrgeh determined 
1)^ the amount of glvcogen m the liver, although some excretion of sugar 
18 caused in starving animals 

J’uelzer Emhden and others hate found that when epmephnn is added 
to blood used in perfusing an excised liver, it causes the latter to lib- 
erate sugar into the bepitic vein in far greater amounts than when normal 
blood IS used The above facts lead to the conclusion that the action of 
epmephnn m producing ghcosuna is due to a setting free or mobiliza 
tion ot the sugar stored as glycogen 

It must be noted however, that the above effects of large doses of 
epmephnn intravenoiislv on glvcocenoljsn, ire strictlv speaking artefacts 
There is no evidence that such amounts of epmephnn are under anv 
conditions put into the blood bv the glands m the intact animal The 
specific antagonistic action of the suprarenal and the pancreatic secre- 
tions on sugar metaboli m advanced hv Falta and others has proved to be 
erroneous (Mann and Drips) Epmephnn administration does not af 
feet the oxidation of the sugar in the bod/ (Lusk) Epmephnn de- 
ficiency causes no permanent change in carbohydrate tolerance (Crowe and 
Wisloeki) The failure of pancreas extirpation to cause diabetes after 
previous adrenalectomy m some species is due to the low blood pressure 
and the moribund condition of the animal (AIcGuigan) 

Epmephnn in certain concentrations (mtravcnousl^ ) increases the 
eoaguUbihtv of the blood (Cannon and ITendenhall) In larger doses the 
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tlietio inhibitor} supply to the uterus of other nmnnls also After verv 
hrgo do-ios of ergot, ^\hlch paralyze the motor ner\cs, stimulation of the 
sympathetic or the administration of epinephnn causes relaxation of the 
uterus in all eases The conditions are analogous to those which hold for 
certain blood vessels 

The action of epinephnn npon the uterus is ono of the most delicate 
tests for the drug (Franhel’s test) , a solution containing one part in 
twenty millions is actue 

Bronchial Muscles — The effect of the epinephnn upon the bronchial 
muscles is of special interest, since it appears that attacks of bronchial 
isthma in man are temporarily relieved b^ it. Ihis suggests the presence 
of sympathetic inhibitory neracs to the bronchial muscles, but attempts 
to demonstrate their existence have been unsuccessful Similarly, efforts 
to demonstrate an action of epinephnn upon the bronchial muscles hive 
usually failed Eppingor and Iltss, however, believe that epinephnn 
may, through the stimulation of sympathetic inhibitory nerves, counter 
act the contractions of the bronchial muscles caused hv increased vagus 
tonus Januaehkc and Poliak found that it relaxed the bronchial muscles 
m muscarin asthma and had some relaxing: effect on normal aniin'ils 
In frogs and salamanders cpmcpbnn inhibits the hypertonic lung nius 
culaturt by peripheral action Ip turtles and snakes the central lung 
motor mechanism is inhibited b\ ^mall doses, larger do^es depress the 
hmg musculature by pcripbcral action (Carlson and Luckbardt) 

Action on the Pupil — The intravenous injection of optnephrm into 
animals causes the same changes m the eye as follow the stimulatiou 
of the cervical sympathetic nerve, namely, retraction of the nictitating 
membrane and of the eyelids, protrusion of the evoball, and dilatation of 
the pupil (through stimulation of the dilator miisicle) Instillation of 
epinephnn into the eve is far more effective un causing dilatation of the 
pupil when the siipenor cervical ganglion bus been extirpated than it is 
in normal auimals (Meltzer and Auer) , this reaction has been utilized m 
locating the site of injuries to the cervical sympathetic (Cords, SebiJcau, 
and Lamaitre) Solutions of epinephnn applied repeatediv to the nor 
mal human eye cause dilatation of the pupil (Schultz and Wcssley) 
Slight lesions of the cornea greatly facilitate the reactions. Cords has 
used the reaction to detect erosions and ulcers of the cornea 

The pupil of tin. frogs eve (cither in situ or enucleated) dilates upon 
the application of very minute amounts of epinephnn Meltzer and Auer 
suggested that this reaction might be used for the detection and cstima 
tion of this substance The reaction was elaborated by Ehrmann as a test 
for epinephnn 

The Kidneys — According to Cow, epinephnn passes directly into the 
blood of the renal arteries and hv its local vasoconstrictor action diminishes 
the rate of unne secretion, thus acting as an important control of lidney 
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arc extirpated m one operation I Ihott reports tliat complete extirpation 
of tile adrenals m the cat leads to deith nith low blood pressure fall of 
temperature and great depre sion of \rsoinntor and cardiac accelerator 
nencs But Iloskms and Whcelon state the xasomotor scsteni and the 
vasomusculiture arc umiDparred at a time when marked asthenia of 
cardiac and skeletal muscles it in evidence Hence there is no eiidence 
that the sympathetic system suffers primarily in any degree from adrenal 
extirpation In. cats adrenakctoinx reduces the basal metaboUam about 
“’j per cent (Aub) This reduction sets, in within a ten hours aft^r the 
operation But non lethal luyuncs {li^iation treenng) ore said to induce 
a detmitc but temponirih »n« rea ed heat production and this does not 
occur if the thyroids are remoxed previous to the adrenal inyurx (Marine 
and Baumann, Scott) 

Injections of epinephrm do not increase v isoraotor irritability (Hos 
kms and Rouleyj Complete ligation of the adrenal bloodvessels leads 
in a feu hours to a distinct fall ol blood pressure, but this is no evidenee 
that this fall is duo to lack of epinephrm according to lIcGuignn and 
Mostiom 

Pierrv and Malloisel and also Porges baie n ported a condition of 
^JT^gl^Cf-inia after adrenalectomy But this is probably not specific for 
any condition that induces a marked general depression i» accompanied by 
hypoglycemia (McGiugan) Porges found hypoglycemia in three cases 
of Addisons disease The reduced amount of sugar in the blood has been 
held to explain, m part the most unking sxinptom following the remo\al 
ot the suprarenale — Ihe aslhenta, Faiorable results in Addison s dibcwe 
are reported from the administration of sugar {Pitres and Gautrelefi 
Animals deprived of their suprarenaU an easily fatigued If forced to 
exercise they may die suddcnlv But that would probably be true of 
animals eijually moribund from other cauxts 

Croue and Wisloeki riport eulaigemeiit «f the lymph glands in adrenal 
insufficiency Loewi and Geltwert elite that the blood of coldblooded 
animals from which the adixnals haxo been removed is toxic. AMion 
applied to the heart the heart stops in dnstole, evidently by vagus stimula 
tion as tho toxic action is alwlisbed by atrvpin AVhipple and Christman 
state that adrenal deficiency leads to impairment of the liver as deter 
mined by the phenolphtbalein test This is probably an mdirc t effect of 
unpairment of the circulation 

The queationx as to which part of the supr irenal sj stem the intcrreual 
(cortical) or the adrenal (medullary), or both are c8«outial to life, has 
been much debated some anthers have considered that only the forrair 
otnrrs that only the latter is essential to life Vll the evidence points 
to the cortex as tho essential part hut if there is any tnith in Gradmescu s 
theory of epinephrm control of capillary permeability, it is evident that 
the medulla is of some importance 
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coigulation is delated According to Cannon, adrenalin also acts as a 
stimulant to the okeletal neuromuscular meclnnism, and lio interprets this 
as due to a direct action of epinephnn on tlie muscle , but this Ins recently 
been questioned by Schitcr The improxed circulation and the mobiJiza 
tion of the blood sugar m'i\ be the factor in delaying fatigue after large 
epinephnn injections Epmephrm induces vasodilatation m the sLeletal 
muscles (Hoskins, Gunning, Berr\) 

Functions of the Adrenal Cortex — Concerning the role of the adrenal 
cortex wo ha\e a number of theories, but \op\ few facts No internal 
secretion has so fir been demonstnted Whipple has obtained an extract 
from the cortex baring a pitnitrinliko iction on the circulation The 
abundance of lipoids m the cortical cells has led to the suggestion that 
the cortex ehborafca those for the us© of distant organs It has also 
been supposed, without evidence, that tbc precursors tff epinephnn are 
elaborated in the (Jortex In tho absence of a definite internal secretion 
of the cortex, theories of detoxiciting functions hare been advanced 

Cortex Easential to I»ife — VII the endence, experimental and clinical, 
to date, poults to the cortex rather than the medulla as the organ essential 
to life (Biedl, Scott and others) In nenrh complete adrenalectomv only 
the cortical remnants undergo hypertrophy (Crowo and Wislocki) 

The mo«t striking correlation of tlie adrenal cortex appears to be with 
the gonads Estrus (mile and femile), pregnmey, lactation, and gonfldec- 
tomt ore in some species accompanied bv increase m cortical substance 
Tumors and hyperplasias (hypemephroma) of the cortex ma\ be accom 
piDied b\ precocious sex developments (secondary sex characters) both 
m the male and the female (Jump, Beitcs and Babcock, Baldwin and 
others) But these relations are not of a direct md compensatory char 
icter For the idremls fill (o maintain sex life after gonadeefomy, and 
the gonads fail to maintain life itself after adrenalectomv 

Extirpation of the Suprarenals — The lemoval or destruction of both 
suprarenals leads to deith withm a few hours or davs (Brown Sequard) , 
exceptions to this nile are due to the presence of acees«ory glands Biedl 
describe- tho effects as follows for one or two days the animals seem to 
lie entirely normal, on the second or third div there is loss of appetite, 
afterward apithy and muscular weakness become apparent, the movements 
become stiff md uncertain Then great prostration follows, the animal 
IS unable to rise, and lies extended on its abdomen There is a marked 
fill of temperature (to 30" 0 or under), respiration is labored, the heart 
Is irregular and weak the animal usuallv dies (in one to three days) 
m this condition of parilysia Occasional!? there are muscular twitch 
mgs, more rarelv convulsions Gradmescu states that after complete 
idrenalfctoniy rabbits die within seven hours, dogs m ten and cats vvitbm 
forty five hours Removal of one adrenal has no effect On removal of 
the second adrenal the animal usually lives longer than when both glands 
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adrenia bttravs a profound ignorance of modern suprarenal ph^slolog5•, 
and a remarkable civ alier attitude toward the cinoub of logic (Cobot) 
AIan\ attempts Ime beiu mide to correlate ccrtiin conditions of high 
blood pres lire with hjpertrophs ot the suprarenal? cspecialh ot the 
medulla, but it is not ceTlain fhit the snprireml rhange‘> are prim in 
nor has it been shown that there is an excess of epinephnn in the blood 
(Steuart) 

Control of Experimental Adrenal Deficiency — Efforts to ocercomo 
the effects of the remocal of the suprarenals in animals havt been made 
both h% the administration of tlie gland and its extriets Neither has so 
far met with sueecss In no cist has litc lux'!! prolonged tor more than 
a few hours after the administration ot the gland to animals from whom 
the suprarenals ha\e been removed tonaiderible improvement in the 
symptoms (increase of blood pressure improved respiration) has fre 
qmutlybfcn reported from the bubcutaneous or lutnvenoiis injection of 
extracts of the gland but the results did not differ from thost, ob erved iii 
animals near death from poisons and other causes Feeding adrcinl tis 
sue, fresh or dried mav bo a failnie due to the de truction of the bjpo 
thetical cortical hormone in the gut The onlv avtmie of hope in this 
field seems to be m fractienation of the adrenal cortex for hypodermic 
administration 

^ traavplantation of the suprarenals has been snccess/iij onlv as 
a preventive measure, that is it is possible to prevent the characteristic 
effects of the removal of the glands bv the pievious transplantation of a 
gland (Bush) Apparently, when tht effects of the remov al pf the glands 
have become manifest it is not possible to deUv death bv the tnnsplanta 
tiou of the glands of other animals Hoskins reports that raU fed on 
dried adrenal glands for two to nine weeks bhowtd Lvpcrtropliv of ovaries 
and testes, but no change in other Orsons in growth or in general condition 
Organotberapentics in Suprarenal Deficiency in Man — Iddivons 
Disease — Addisons disease la the onlv cmditiou m man in which a 
suprarenal insufficiencv eleirlv exists and roost of the interest in the 
organotherapeutic use of the suprarenals centers around it The results 
are esseMuiUy negahie 

Other Conditions of Supposed Suprarenal Insufficiency — Supnrenal 
glands and cpincphrm have been administered in a number of conditions 
m which an insuffieiencv of the glands had upon lueonelusuc evidence, 
been supposed to bo present The results have been inconclusive 

It has heeu supposed for example, that i condition of suprarenal m 
sufficienej exists in manj chronic diseases especiallv tuhcrtnlosis and the 
administration of the gland, or of epinephnn recommended accordingly 
It has also been recommended in neurasthenia issociatcd yvith low blood 
pressure It has found extensive us*, in the cardiovascular exhaustion of 
acute infectious discises In this condition, however it is u=ed as are 
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Disease of the Suprarenal Glands— The first important contribution 
to tbo kno^\ ledge of the fimction of the snprarcnnls rvas the cla<<8ical paper 
of Addison (1 Sij 5) on tho disease a\}iich bears his name The disease is 
cliancterized by a condition of muscular and cardiac weakness, usudh 
with a, lou blood pressure, a subnonnal tcrapcratiiie, apathy, disturbances 
of the digestive tnet (yomiting, diarrhea or constipation finilJv asthenia), 
pigmentation of tho skin and mueoiis membranes, and a progre sue 
cachoxn almost aluajs ending m death There may bo periods of spoil 
tincoiis but temponry jroproTemeiit Tieken reports i case of appar 
entl> pennanciit (two }ears) recovery from Addison’s disease All the 
features of adrenal disease m man arc reproduced by adrenal eatirpition 
111 animals except the «kin pigmentation This may be due to the speeds 
fatality of complete adrenalectomy , it evidently icqtiircs more time for 
effecting tho change in skin pigmentation 

The tjpieil Rnatomieal cJnngo found in the stiprireiiaJs m Addison’s 
disease is a tuberculous degeneration The chromaffine tissue in connec 
tion yyith the sjinpithctic nencs, outside of tlic suprarenal glands, has 
also been found uiyohod in a luimltcr of cases, in others flic chromaffine 
tissue both in and outside of the supnrciiai glands yyas apparently intact 
It 13 practicall;y certain that Addison’s disease is due to impairment of 
tho adrenal cortex 

Altecncc of epinophnn has been found in a number of cases of Addi 
on s disc ISO (Oliycr and Schafer, Luksch, Ingler and Schmorl) 

Studies of other abnormal conditions of the snprannal glands in man 
hayo onl} boon su^gostiyt of possible functions of those organs It has 
long been knoyvii that in many cases of congcmtal malformations (onen 
ccphaln, hjdrocepliahis) tiic supraremis show a condition of hypoplasia or 
of aplvsn In some of these ca^ onl^ tho medulla was mvolyed, the cor 
tc? being normal Tho relations of these conditions yyhethor casual or not, 
Inye not liccn definitely determined On the other hand, cxccssiye growth 
has been reported m cases of tumors of the snpnrcmls 

Hypoplasia of tho supnrcuals has boon met in a few cases of retarded 
sexual dcyelopmcnt, and m cases of osteomalacia and status hmphaticus 
On tho other hand, hypenicphromas onginatiiio from corticil suprarenal 
tissue hayc, m a number of cases, m infants and ,young children, been 
associated yyith sox precocitj, and m the case of girls with development 
of male characters — such as iiia«culine hair on the face 

Hypoadrenia and Hyperadrenia — During tho last twenty years an 
increasing number of disease symptoms (depression, asthenias, etc ) has 
been referred to a diminished output of epincphrm Ihis chapter in 
jnedicino is a «erious reflection on the knoyyledgo and common sense of 
tho medical profession There is no eyidcnce that hjpo adrenia (ton little 
epinephrm) exists except after denervation of the adrenals, or that if it 
does exist it could produce disease (Steyvart) ‘ Tho literature on hypo 
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an effect when gneji suhcutaneonsh as when gl^en intravenonsh Intra 
muscular injections are much more efficacious than subcutaneous ones 
Epmcplmn also differs from most nlkaloids (Straub) lu th\t it does 
not accumulate in the tissues and tbit it is quickly destroyed in the bod% , 
it exerts its action only during its. pissat,c into the tissue^ ind, hence, 
it« action depends upon the difference m the concentration m the tissues 
and in the concentration m the blood rather than upon its ah olute amount 
iloreovcr, its effect does not become It s after repeated idministration , 
the hundredth injection for example causes as great a rise of blood 
pressure as dois the first and subsequent injections 

The above considerations mduate that the bt»t results, when the drug 
13 H'sed as a cardiovascular stimulant are to be expected from the contiiiu 
ous infusion of a weik solution This conclusion coincides, with clinical 
eTperienec Although life has undonbtedh been temporanh saicd b% in 
tramuscular or intraienous injections ot compiratnciv strong solutions 
(■i tnimms of the 1 1,000 solution tor example) tit best results have 
been obtained bs the coutimions injection of a solution of 1 o0,000 or 
1 100 000 in norm il saline ulution 

Epmephrin is quickh absorbed from tlu lungs ind Viier and Oates 
suggest Its administration b\ intratracheal sufflUiou in tises calling for 
a sudden stimulation of the heart 

The « 0 of this dnig, as a cardiovascular <timwhnt has proved useful 
in conditions of cardiac and vasomotor failure under anc thesia (general 
and spinal), in shock and acuU hemorrhage and in cases of poisoning, 
(as bj chloroform and chlonl) although very 1 ivoiablc results have also 
been reported in the W blood pres urc of pneummu and other acuto in 
ftctious diseases — espocialK of children In diphtheria it is said to 
relieve prostration and asthenia aside from its effect on blood pressure 
Rolleston administered it bv the mouth m l<) minim doses of the 1 1 000 
solution everj two to four hour* according to the seventy of the attack 
I aewen and Sievers state that in certain conditions of stoppage of the 
heart the injection of 0 3 c c of the 1 1 000 solution directlj into the 
heart is permissible 

The greatest field of uscfulntss of epinephnn however is as a focal 
fiemctiatic 

It IS used to check epistaxis and also hemorrhages into the rectum 
(hemorrhoids) bladder (lOO cc of the 1 10 000 solution, for example) 
uterus etc and to relieve coHf.'estion of thi (onjuuitiva and of the miitous 
membrane of the nose (as in rhinitis and hay fever) and of other o^ns 
It has been used in postpartum hemoirliacc, it not onU constnits 
the blood ve sils, but tanses a eontnction of the muscle fibers of the 
uterus 

It may be applied in solutions of from 1 lOOOnrl 20,000 either di 
rectly or on cotton, or a? a spray, or in ointments cavities such as those 
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other cardiovascular tomes, that is, it is used as are other dnigs, and not 
as an organotherapeutic agent m the usual meaning of the term 

The suprarenal gland, and cspetnlh cpmcphnn, has been u«ed ex 
tinsn o]\ in osteomiJicin The news as to the i aJue of this mode of treat 
mcnt (proposed b\ Bossi) are couflictiMg, some report fnronblc results 
Noiak for oTample reports seien cases treated In «nl>cutnncons injections 
of 0 5 to 1 ec of the 1 1,000 solution Three wero improied, in two 
there was a slight diminution of the bone pains at the beginning, and in 
two there was no effect. 

Attempts to deduce a mtional basts for the use of suprarenal in osteo 
mnlicia base been made from the following facts There ma^ be some 
antigomstic (or supplemtntar\) relation betwien the manes and tlic 
snprirenaJs the latter hiperlmpln uhen the former are nmoied or an 
itropliie, and also in pregnsne\ when pirts of the mars are phisinlogicall' 
qiiie cent Cliristofoktti his advaiaed the bipothesis that in osteoimlacia 
there is a hspofmictioning of the cliromiffinc tissue due to a Inpofimctioii 
ing of the o\anes \8 was pointed out aboie, howmer, in discussing the 
relation betw een aupr irennls and the sex gl inds the cortex seems to be the 
part of the former which is chiefli involved, wliercis, in the trcitment of 
osteomalacia, a product of the medulla (epinephrm) it, usualh eraploied 
The favonillo results which at times seem to follow the use of cpineplinn 
in osteomalacia are probibh due to othtr fnetors 

Certmi writers hive dnwu analogies Utween the skin pigmentation 
the lassitude niid the vomiting of pregnmev, and some of the sviiiptoms of 
Addison s disease, and hive troiud someciscsof vomiting of prcgnaiicv bv 
the adinmistntion, pgr os or subcutaueouslv, of 10 drops of the 1 1,000 
solution of epinephrm Distinct Ixnefit has been rrported from such 
treatment 

Adrenal prepirations hive been used in cws of gistro lnfe^tmal otonv, 
ill diabetes insipidus, nckets, iiciimstlienin, mvasthcmi, and other coiidi 
tions n here there is no ei idence of pninaiy adrenal insiilSciencr 

Pharmacological Uses — The supriromi ghnds (epinephrm, ad 
renilin) are extensively used is a cardioviscular stimulant as a locil hemo 
static to delay absorption of loeil anesthetics and to relieve asthim 
Solutions of the ictire principle (epinephrm or adrenalin) hive rrplacod 
the crude extricts of the glinds for this pmpose The u«o of the tlriii; 
m these cases docs not differ from tbit of other pharmicodvxnmic a.,cnts, 
and its detailed consideration does not pmperK belong in a chapter on 
Organotheripeutics Ihe action of the alkiloid cpintphnn, has, however, 
certain peciiliarities which jnav properU be pointed out in this connee 
tion When applied locilly it ciuses an intense constriction of blood ves 
sels and this action largeh prevents its ab<!orption, hence, when given bv 
the mouth or subcutaneously it prodnees svstcmic effects onlv after verv 
large doses One hundred times as much is siid to be required to produce 
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names are proprietary It bocma better to use the word epmephnn, pro- 
posed by Abel, to designate the artne principle 

Untoward Effects of Epmephnn — Conudenng the extent to -which 
the drug is used, accidents arc rer^ rnre A few deaths haie been, re 
ported from the injection of the 1 1 000 solution into veins or into the 
uterus One milligram injected into a \em has caused alarming symp 
toms, 0 3 milligram injected into the uterine cavity has caused collapse 
for one-half hour 

The intravenous injection of epmephnn is contra indicated m organic 
heart lesions, nephritis, and arteriosclerosis 

A number of cases of necrosis and gangrene of the skm have been re 
ported following the subcutaneous injection these occurred for the most 
part in the aged Necrosis of the jaw has al o bien reported 

Severe hemorrhage following its local application has bteu described , 
this IS attributed to the im of too strong solutions which constrict larger 
vessels, o that the surgeon neglects to tie them 

Its repeated administration in large doses to animals is said to cause 
clerotic changes m the arteries The fact has been disputed, if oor 
rect, the sclerosis is probaWj due to the high blood pressure Verv large 
doses intravenously are fatal the symptoms being a pnmarj excitation 
and subsequent depression and failure of the central nervous system Post 
mortem findings are visceral hemorrhages or pulmonarj edema (\ ineent) 

SuSl'tAST 

1 Complete deatTuction or ioss of the adrenal glands vs tapidlj fatal, 
but why this leads to death is still uninown The adrenal cortex is the 
part of the organ essential to life 

2 The adrenal medulla secretes a substance, epmephnn into the 
blood In sufficient concentrations this substance has specific and stnkin., 
pharmacological actions on the vascular svstem the nervous sj&tem sugar 
mohihzdtion, the blood and the alinientar> canal But the quantitv «e- 
ertted under normal conditions is not sufficient to produce anv of thc«e 
effects, with the possible exception of a slight action on the heart and 
some action on the blood capillaries m the nature of controlling their 
permeability or sccrecoiy activity Whether in conditions of emotional 
stress pain and intense muscnlar and nervous activity there la enough 
t-pinephnn secreted, hr sceretory nerve action or through change in tin- 
blood flow, to have distinct physiological effects — the emergenev fune 
tion of the medulla — is still an open question The medullarv secretion 
has been isolated chemically (epmephnn) and shown to bo a iisr-ful 

in many conditions (cimilatery depression hemorrhage asthma 
itv ) not related to any hvpofnnction of the gland Fpinephrm is prob- 
ably awaste product or an excretion rattier than a hormone 
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of the nose and Titenis, ma> be packed with gauze wet with a 1 5,000 or 
1 10,000 solution 

It has also been idmmistered b> the mouth (10 to 20 drops of the 
1 1,000 solution), and al«o subcutaneously in gastne and intestinal bemor 
rhages (as m typhoid fever), nlthou^ some report but little benefit from 
such use The value of epiuephnn m controlling internal hemorrhages 
IS doubtful in all cases except where the drug cau be applied directly to 
the bkeduio surface 

Epinepbnn has been extcnsuely used to enlianee the action of local 
anesthetics, such as coeain, novocain, etc It exerts this action not only 
b\ delay iiig the absorption of the anesthetic (by which tho danger of 
svsteinic intoxication is also lessened), but, in the case of some of the 
dnigs of this class, it seems to have a direct effect upon the action of the 
anesthetic itself (Esch) On the other hand, it is stated (Frohlich and 
Loewi) that cocain increases tho sensitiveness of various organs (blood 
vessels iinnarv bladder, eye) to cpinephrm (and to direct stimulation 
of tho sympathetic nerves), so that a weaker solution of epmephnn suf 
ficos to eansQ constriction of vessels when combined with cocain Such 
combinations of epuiophrin and cocain are useful, not only m cases of 
operation but in examinations 

A few drops of epinophrin solution, 1 1,000, are frequently added to 
Schlcichs solutions for local anesthesia, it is aUo used iii connection 
with the induction of spinal anesthesia. 

Epmephnn has been much used to relieve tho attacks of hronchuil 
asthma it is applied locallj as a spriy (epmephnn 1 part, water 750 
parts glvcenn 2*>0 parts (Zuelzer), aqueous solution, 1 1 000 or 
1 4,000) , or as an ointment (30 to 60 drops of the 1 1,000 solution m 
adeps lan-e hydrosus and petrolatum, 1 dram each), by subcutaneous m 
jection, or by rectal suppository (Itatthews) 

Preparation and Dosage of Epmepfarin — At present the dnig is 
employed almost exclusivelv m the form of solutions of one of the 
salts, usually the chlorid of epmephnn The solutions on the market 
are usuallv 1 1 000 in normal saline solution , thev iisuallv contain a 
preservative They deteriorate rather rapidlv on exposure to air and 
light, becoming first reddish and then brown, slightly reddish «olu 
tions may he used but the brown ones should not ^ used Many of 
the commercial solutions as found on the market vary greatly m 
strength (Schultz) this may be due to deterioration through age, or 
the solutions may not have been made of proper strength originally 
They should be physiologically standardized, unless a veiy pure prepara 
tion of tho active principle is used 

The active principle of the medulla is known by a great variety of 
names adrenalin, adrenm, adnn, suprarenalm supracapsulin, hemisin, 
suprarenm (both natural and synthetic), epiremn, etc. Most of these 
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distinct and separate lines of function or onlv different ph\ siolij<rical states 
of one type of function is still an open question The chromciplule cells 
contain what appears to be true secretion aranulcs, and the l are usually 
mo t abundant in the region of the cell adjacent to the hmph spaces and 
the blood capillaries 

» i c d « t a a 
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The h}popha8i9 thus resembks the adrenal ghnds m origin The 
physiological significance of this juxtaposition or fusion of nenous and 
epithelial structures into one gland remains unknown Gaskcll has ad 
xanced tie theory that the h>popht8is icpre cuts the vestigial remnant of 
the esophagus of our yertebrite ancestors in whom the alimentari tract 
supposed to ha\e been placed dorsal to the spinal cord But the effects 
following disea e or remoial of the hypophysis seem to shoiv that it is not 
ycstigial in function whatever be the significance of its peculiar origin 
and composition 

The histological picture of the hypophysis, especially the anterior lolie 
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3 The onlj malad\ in man so far definitelv shown to be duo to adrenal 

hjpofunction is Addison’s disease other conditions, such as acute 

infections, various cachc^iis, prolonged inesthesia, shock, etc, may lead 
to a decrease in the epincphnn content of the medulla, but there is no 
evidence that this is an important factor in these complications Tumors 
of the adrenal cortex (hyperfunction?) mav be associated with sexual 
prccocit}, and there are other indications of interrelation of some of the 
specific adrenal and specific gonad functions, but this interrelation is not 
of a compensatory nature, for none of the functions of the gonads can be 
nssunied by the adrenals, or vice versa 

4 Adrenal therapy fresh gland or extracts hij mouth or injections 
haie so far failed to maintain ike life of adrcnaleclomned animah ind 
it has proied itself of uneertaiu or mo lalue in Addisons disease In 
view of these facts no credence can be given to the reports of good results 
from adrenal therapy in disorders (neurasthenia, disorders of pregnancy, 
etc ) where adrenal Lvpofunction has not even been established Adrenal 
organotherapy la therefore still in the experimental stage 

6 In Tjow of the fact that the adrenal medulla and its secretion 
(epincphnn) is the part least essential to life, expenmenlal and empincal 
organotherapy of Addisons disease tdiouUl he made uilh the cortical 
portion prepared for safe hypodermic injection It can he considered 
settled that adrenal feeding is a failure 


THE HYPOPHYSIS 

Structure of the Hypophysis — Tlie hypophysis is a very oomplet 
organ as to structure and possibly in function The anterior lobe (the 
ylandida pituiiana proper) develops from a diverticulum of the pharvngeal 
epithelium and is, therefore, of ectodermal origin The posterior lobe 
{pars nenosa or true hypophysis) is a diverticulum from the neural 
tube (floor of the third ventricle) In the adult this lobe appears to consist 
of neurogliar cells together with a few nerve cells, and, lu some species, 
of cells and colloid derived from the pars intcnnedia The pars tnlerinedia 
IS made up of modified lobe cells in intermediate contact with the posterior 
lobe In some animals these pars intermedia cells penetrate for some dis 
stance into the posterior lobe 

The anterior lobe, true to its epithelial origin, appears to have a 
glandular structure But the cells making up the organ arc not of uniform 
structure and staining reactions The cells arc usually classified on the 
basis of their reactions to stains, such as (1) cliromophile, and (2) chromo 
phobe The first group is again subdivided into acidophile and basophile 

’{Vhether these three groups of cells in the anterior lobe represent three 



TBi lIliPOPUlSIS 


H3 

tted wBtncle, Tho tlmr} <• >>' p“ ’■'■■e pf'*’ 

i,Covr,»d II, Ci report thepre eBoe m.he ee™b™if.„Bl «»p ■> “ 

.uhlrnce Aoticol m el.aneter w.th ?»>'>»>■> B«‘ »“ ^ 

,n, h.ve not ken confinncd (Cartoon and M.rt.nt Itei. .. no do 
moartfWc trace o£ p.ltnltm m tin eercW-Ml 

ttdrensupporta tLe tlicojp of a dimt rloorption ot th. p.t».tart cere- 
im br tJ hmpk tearela and blood tioile 

tint .B some rwinaia them » no pano.p- ot mil „d ...to '"1”^'’' 

.talk And as for the r.cn that the eollo.d conatitoteH the important 
sccntion tests on tlie coHokI 
fmuKl in tlic lj\popiij»PiJ 
ilov. It to be pb\aiolo£;Killi 
inert at least on tbe eireulntioB 
Accessory Hypophysis — 

''mall nodes of ghndxilar tis no 
apparcatlv identic \l the 

anterior lobe ire prcsri* »» 
mon% aniznala incliubiie 
as the 80 -caUtd 
hipophvaia If this pharvugtil 
hjpophvsia actinlJ; npresents 
part of the ongiinl connrction of 

the intracranial hjpophjs's 

the pharsngeal ectoderm we 
wonlti expect it to eibitut 
fTideoce of functional chaiigi? 

STuchronoush with the anterior , . 

lek We.,.,,,., els ^ ^ „ IlmdX .ns.de 

. i-i, 

do^nbwl 111 Dmd> nncl Goetsch under ilii nmw j ^ f 

The mo,, importmt step, .o the dc«lopm~> <» >' » k”nl “S. “ m 
fonCon, of the b.popb.su tretc ,b< fdloo.ii„ them.nad, 

p.m,»g,v.tUltogvm,S^b 188 1). h«<rl.riut;™ 

or ttc”p„cm., k.d. ,o . b.ptrtroph, «t .Ur f 

Tlar.c (1S,G) of an assoemtion Urtoem, acr.unjt Oh.er aud 

ehaage, ,n Ac hspop!..... A. d,«w.r. 

Sehir lOJo) .h.™„r.C.of.l„ r«»“"S ™ '*‘'1 , 00 ^ 
lloodpcMore, the heart and the an. «* ”'““'*'"5^ ^ Zm 

eral tgpocialh tU uterus the report of Froheb ( o avsinjphn 

Uheen the hspophs... and ,h. .....d.t, 0 „ U,.o» , .» ^ 
sd,p,o,e„„Bl„ ,l,e ,„«.« (U. «>r»l W «al or 

1807, Cnshme 1909 and A cUncr t .f char 

nearU total extirpation of the felen^ “ followed bv 





Tweix» MoxTiixfU nwrnrsro- 

a t>K (Ltm ‘>'0 Coxtwt- or 
t mcK RicHTt lb 01 ration waa 
•« 1 »t lit (Aikhn t ) 



722 


ORGAKOTHtRAPEUTICS 


IS by no means constant tbrou^out life Therp appears to be an increase 
m the chromophile cells at pubertj and during pregnancy, and a gradual 
diminution of them after the &rtieth veai of life, indicating an adpst 
ment of tbe organ to metabolic rate and possibly to sex hfe 

Gemelli, Cushiru ^nd Goetsch report that, in hibcrmtiiig animals 
during liiberuation, the hypophysis decreases in size, and the cells of the 
anterior lobe lose their characteristic staining reactions to acid and basic 
dyes At the end of hibernation the gland again enlarges, cell division 
IS in evidence and the cells regain their normal staining reactions On the 
basis of these findings they accept the theory of Salmon th it the de- 
pression of the actmty of the hypophvsta is the pnmara factor m caus 
mg hibernation, especially since partial hipophysectomy is said to m 
duee depression obcsita, and somnolence in non hibernatiiio animals It 
must be noted, however, that the completely or nearlv complete hipoph 
ysectomized dogs of A«chncr, some of which hied over a lear, did not 
hibernate Their appearance did not even suggest the condition of seon 
hibomatuig animals The nioio recent experiments of Mann and Rasmus 
sen failed to confirm the hibernation changes in the hypophysis described 
by Qemclli and by Cushing and Ooctsch “There is no basis for the 
theory ascribing the phenomena of hibernation to lad of function of any 
or of all the endocrine glands ” 

According to Ftngtr, the formation of solid colloid in the pituitary 
gland does not occur dunug the growth period, but i& a phenomena of 
adult life Tbe solid colloidal material in the clefts of the pate intermedia 
is insoluble m Ringer’s solution and is ph\sio)ogically inert. 

The hypophysis has a very rich blood supply According to Dandv 
and Goetsch, the anterior lobe receives the blood supply from eighteen 
or twenty small arteries from the various components of the circle of 
Willis These vessels immediately break up into numerous large sinusoidal 
channels, in apposition with the gland cells and lined only by endothelium 
“Hence there are no veins or arteries proper in the anterior lobe sub- 
stance ” The pars intermedia derives its blood supply from the vessels 
of the stalk, from the po&tenor lobe, and from the odjacent brain The 
posterior lobe is supplied by an arterv denved from the internal carotid 

A clear knowledge of the hypophyseal circulation is neces&arv for the 
interpretation of the results of suigical interference (experimental and 
clinical) with this organ From the sympathetic carotid plexus nerve 
fibers pass to the hypophysis, particuHrly the anterior lobe (Dandy) I* 

18 not known whether these nervis have vasomotor, secretorv, or sensory 
function 

On the assumption that the colloid of the posterior lobe constitutes the 
internal secretion of this part of the gland and the relation of these colloi 
masses to the cells and fibrous tissue, Herring has advanced the view 
that this secretion is normally discharged into the cerebrospinal fluid o 
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epinephnn depends upon tho s\mpatlictic innervation and so, under some 
circumstances lauses a rclixation Epmcphriii timiiiates the endings 
of the svmpathctie nerves of the heirt tiusing an iCLclention and aiig 
mentation of the heart beat, pituitarv extract causes a sloning and at 
first a strengthening of the heat but this soon gives place to a weiken 
mg The htter effect is prohvblv due m part to the constriction of the 
coronaries, this is antagonized in the intact animal tv the ri e ot blood 
pressure, so that the ccondarv ucaLening of the beat is not nsiiallj 
observed 

Howell made the interesting observation that a second injection within 
one-half to one hour does not caw e a second rise of blood pressure it 
may even cause a fall Later a nsc a^am i observed This observation 
IS of importance ui connection vvith the therapeutic u e of the extnet It 
13 not a true immunity according to Dale but small doses can be in 
jeeted repeatedly at mtervils of ten tj fittcen miiuUts without significant 
failure of their pressor effect (IIo kiu» and McPtckl The active pnn 
ciple IS excreted in the unne 

The rise of blood pressure follow mg injccti jn of posterior lobe extract 
takes place after removal ot the adrenal and is therefore not a secondary 
effect due to increased secretion of epmephnii 

Krogh has reported experuncuts intended to show that the hormones 
of tlio posterior lobe (pitmtnn) control the tonus of tlio bloDd cnpil 
lanes 

^ on Frank! Ilochwart and Frohlich found an increased irritability of 
tbe automatic motor nerves of tlic bladdei on faradic stimulation Sim 
ffarlv the irritability of the hvpogastnc nerves to the uterus was much 
increaswl These effects were produced onlv by the first injection of the 
extract 

Jlagnus and Schafer and also Schafer and Herring reported that the 
mtravenou*! subcutaneous or jntnpcritoneal injection of extnets of the 
pc&tenor lobe caused marked and long continued diuresis and dilatation 
of the kidnevs According to the same authorities administration bv the 
^nmth also increased the amount of urme secreted both in animals and 
m man. 

There has been considerable discussion as to whether this diuresis is 
due to a direct action upon tlie cells of the kidnev or is brought about 
mlirteth through clian^is in thi circulation facliiftr and Herring and 
ulvo Ho kins and Alems support tlw. view tliat the action is pnmanlv on 

kidnev cells dirccth and onlv econdanlv aided hv the cliuigcs in the 
ujrculation wink Houghton and llemll and also 3viii_ and ‘^tnliiid con 
‘^hide that it is pnrclv a vascular phenomena the pitmtnn duirisis run 
^’Ug parallel with the vasodilatation in the knlnevs 

The statement of Schafer that the administration of posterior lobe 
ustract bv mouth induces diuresis has not hetn substantiated by recent 
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flpteristiceffccfs iipongronth Anddcielopment, the rcJatiou of tficlnppli 
>sis tn ronnl actnit^ (l>ejfinmng with Sclnfcr, 190C) and to dnbctcs 
insipidus, the studies on the influoncc o£ feeding lijpophjsis on general 
growth, and on deiolopmcnt of the gonads (Schafer, 1009, Goct«ch, 191C, 
Robertson, 191(1} It should be noted, Iiowctcr, that the rclinhihu of 
much of the abo\e work (expcnraentil and clinical) has been sorioud} 
clnllcnged, especialh In Cimiis and Roiiss^ Tlieir work indicates that 
tho h\popli\si3 is not an important endocrine organ, tlic samptoms ll^llallJ■ 
ascribed to In popituit irism being due to nijiirj to the tuber cinerciim and 
tho ba 0 of tho midhrain 

Function of the Posterior Lobe and the Pars Intermedia — The^e two 
parts of the gland inu«t at present be considered together, liecaiise, though 
ditTeruip m structure and origin, tlie> are anatomicallv so closelj intor- 
wo\en that the} cannot be separated for experimental purposes 

Action of the Extract — Ohicr and Schafer found that extracts of 
the entire gland raised tho blood pressure IIow-cll suh«cquentlv showed 
tint the 0 effects were duo eiitircl} to the posterior lobe Schafer and 
Ilorring Ilcrniij. Cmhiiigniid Goctscli, I cwis, Jliller and 'Matlicu«, Inao 
found that tho nctne principle sconn to be formed in the pars intermedia, 
from which it pas®ca into the posterior lobe It is also possible that the 
presence of the pro sor substance in (ho posterior lohe is due to the pirs 
intermedia cells distrihuted among tho neurogliar cells and fihors In 
adult humans there appears to be no true pars intcnnedn, act the posterior 
lobe contains tho pressor eiibstance 

The most marked physiological action of -extracts of tho posterior lobo 
IS to cause a constriction of smooth mn clc The constriction of the 
arteries following the administration of «uch extracts leads to a marked, 
and, as compared with the effect of cpinephnii long contimicxl, rise of 
blood pressure Tho extracts al«o cause dilatation of tho frogs pupils, 
strong contractions of the uterus mid of the nlimentar} tract 

There is thus some rcscmblnnco between the effects of extracts of tlic 
pituitary and of the adrenal meilulla, this is, howeyer, only superficinl 
The effect of cpinephriu upon organs containing smooth mu«clc is gtn 
erallv tho same as tint of the stimulation of the sympathetic nerves supply 
ing these organs, when the syrapathetic cuiscs inhibition instead of con 
traction, opineplinu docs the same The effects of pituitary extracts arc 
entirely independent of the a}nipnthetic nerves, tho} arc exerted dircttl}' 
upon the muscle cells (Dile) Tlit action of pituitary extrict is mon- 
iiearlv like that of tlio digitilis senes, but tbe etftct on smooth muscle is 
much greater than on the heart muscle Ilciice, the effects of the two 
drugs are in man} instances different Ihns, the pituitary taiises marked 
constriction of tho coronary and pnlmoiiarj vessels, cpinophrin has but 
httlo effect upon these Pituitarj extract alwavs cnises marked contnc 
tion of tho uterus, whether this is pregnant or at rest, tlio effect of 
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stance of tlie action of posterior lobe substance on smooth muscle and is of 
no practical importance m pediatrics and ^j^necologj 

^eed and Cushing recently reported that extracts of the posterior 
lobe of the h^ pophysis increase the rate ot production of cerebrospinal fluid 
(choroidorrliea) b\ stimulating the secpetor\ activity of the choroid plexus 
But Becht has slioun that the apparent increase in the cerebrospinal fluid 
after such injections is due to circulatorx ind re pirator\ changes fol 
lowing the pituitnn injection, and not to an increased secretorv actn it% 
Cow reports that extracts of duodenal mucous membrane stimulate the 
posterior lobe to increased secretion His experimentb arc not convincing 
Posterior lobe extract, intravcnonslv injected, has a direct action on 
die respiratory center causing usually an increase in depth of the respira 
torv movements followed by shallow and slow respiration (Nice Rock 
and Courtnght) It decreases the rate of secretion ot the saliva (btoland 
and lommen) 

Continued daily injections of posterior lobe extract arc very deletenous, 
leading to emaciation, depression fever tissue changes — especially m 
tbo liver — vascular duturbances etc llarvov reports sclerotic changes 
in the coronary vessels after repeated injection of pituitary extract This 
18 of great piactical importance It ts eiuJenl that tin lanous posterior 
lohe extracts so far prepared do not repre-nnl the normal secretion or sub 
stance passed tnfo the blood by the gland or ehe these subi/aneeA are con 
iamtnaied by injurious split products of Ike cell constituents 

The specific pressor sub&tance id the posterior lobe and pars inter 
media is in evidence in early fetal life m cattle it can be demonstrated 
at the eighth week of gestation (McCord) In the pig fetus onlv 175 
millimeters m length, the pressor substance is very abundant (Lewis) 
If this substance represents an actual internal secretion, the gland is evi 
dsntlv functioning during lulra uterine development 

The active principle or principles of the posterior lobe have not been 
isolated, and little is known, as to their chemistry Thev are diahzable, 
are not destroyed hr boiling and arc soluble in water and ethvl alcohol 
(Fcngcr) they resist peptic but not tryptic digestion Thev do not 
give the color reactions eharactcristie of epmepbrin although thev seem 
to give certain decomposition products analogous to those of this com 
pound The colloid ma scs present in the adult s posterior lobe and in 
the pars intermedia arc physiologically inert (Lewis "Miller llathcws 
I oth, Tenger) There is no lodm either m tfie anterior or the posterior 
obe even after complete thvroidectomy (Wells, Simpson and Hunter), 
nut some posterior lobe extracts on the maAct arc reported to contain 
lodin Relativeh large amounts of calcium and pbosplmrus are present 
besides traces of ar euic and bromm (BiedI) cholin guanin histidin, 
and bistamin have been reported (England and Kut cher, Aldrich Abel 
and Aagavama Jackson and Mills) Eoesslcr and Hawk maintain that 
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workers In fact Orlandi, Konsehe^, Hoppe Seller, Fn, Mozfeldt, Rees 
and others report that feeding, but eapeeially hypodermic injection, of 
posterior Jobe oxfrict decreases the unne volume both m normal per 
•ions and m various conditions of polyurin, such ns dnbetes insipidus, 
without influencing the total solids excreted Injection (hypodermatic) 
of po$Urior lole extract non to be an estabhbfied therapy for 

temporary control of diabetes tnsipidus This may he a drug action rather 
than an endocrine action But so far as the posterior lobe of the hvpoph 
ysis IS related to diabetes insipidus, it is lick of the secretion rather 
than the excess of it that leads to the polyuna \\ hen the extract is given 
by mouth or bypodennatically, the aWrption is too slow to induce vascii 
lar changes and, hence, the temporary diuresis seen on intravenous in 
jection does not appear How pituitnn checks diuresis and reduces the 
unne volume in normal persons and in polvuria is still an open question 
Bees has reported work indicating ihit piluitrm slows the absorption of 
water from the intestine^ 

Borchardt, Goetsch, Cushing and Jacobson found that injection of 
posterior lobe extract miv ruduce hyperglycemia and glycosuria, analogous 
to the action of epmephriu It is not vet known whethtr the temponrv 
glvcojiuria obtained bv some observers is «ccondarv to the disturbances in 
circulation, or is an index of a primary and special relation of the posterior 
lobe to carbohydrate metabolism Falta, Iranclnni, Guadri, Hasi and 
others maintain that the ndmimstratiou of posterior lobe extract does 
not induce hyperglycemia or glycosuria Intravenous injection of ex 
tracts of fresh pituitarv gland, the anterior or the posterior lobes, or the 
implantation of the entire fresh gland into the animal does not produce 
glj cosuna in the dog This is at least true of the quantity of the hvpoph 
ysis represented by from two to fen glands of the dog (Carlson and 
"Martin) 

Alleged Galactagogue Action of Posterior Lobe Extract — -In 1910, 
It was reported by Ott and Scott, and eubsequently confirmed by Schafer 
and Jlackenzie, ^laxwell and Ilotbera, and a number of other observers, 
that injection of postenor lobe extract into lactating animals and lactatmg 
women causes a temporary flow of milk from the nipple This was first 
thought to bo a true "lactagogne” action, and, hence, of great practicil 
importance in medicine But Ott and Scott reported a aimilir ‘Incta 
gogue” action from the injection of thymus, pineal gland, and corpus 
luteum extract and it was soon discovered that on continual admmistn 
tion of posterior lobe extract there is no increase m the total milk vieW 
either in experimental animals or m women And it has now been 
demonstrated (by Games and other*) that the apparent Inctagogne action 
of hypophysis extract is due to the contraction of the smooth mu'cle m 
the duct system forcing out any milk already formed in the gland, and 
not a s*vmuktine, action on the milk produeiHt, cells It is another m 
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young rats wesgbm^ 25 to 50 grains is equivalent to a dailv dose of 150 
to uOO grams dried gland in a person 'neighing CO kihgrams — a qumtitv 
far in excess of the total daih protein requireraents of the individual 
It would thus seem that the e experiments are far outside the range of 
organotherapeutic possibilities for man Feeding experiments must he 
made with smaller doses 

Function of the Anterior Lobe — Most of our know ledge of the phv»io 
logical importance of the anterior lole has been secured b\ the method 
of extirpation, feedin^ the gland transplmtation, direct stimulation and 
from diseases (tumors and cysts) of the organ. 

Alleged Gro'wth controlling Principle of Anterior Lobe — Tithelin — 
^part from the fact that extracts of the anterior lobe like tissue extracts 
in general, cause on intravenous inytctiin a temporary lowering of the 
blood pressure (Hamburger) noUnn^ of importance has been gimed bv 
this line of study of the anterior lobe Robertson isolated a mixture of 
Bubstances, from the antenorlobe, which aecordiu„ to him has the «amD 
stimulating action on growth as tlic entire ghnd and hence named hi 
him lef/ielm. But the influence of anterior lobe feeding on growth i? still 
xa open question rethchn contains 1 4 per cent plio«phoru8 and nitrogen 
in proportion to four atoms for cverv atom ot pbosjhorus some of tin 
nitrogen being present in amino groups It probibiv coiitiiii» an imid 
azolyl group, and to this extent may be rCnirdcd as related to the 
phvsiologicalh active suhstaneo of the posterior lolu Lut tethehn does 
not possess the charictciistic physiological activitv of the posterior lobe 
extract, for large doses given intravenously have onlv a slight depressor 
action on the blood pressure and practically no action on the heart the 
uterus or the imisrnilaturo of tbo alimcntiry tract Tethehn has as yd 
no proved therayeidtc lalue 

Extirpation of Anterior Lobe — The litcnturc c n tlit cffcets of partial 
and complete rvinoval of the hvpoplicsis aime the hrst papvr by Horsley 
(1886) to the extensive work of A&chner (1913) is ns extensive as it is 
cuntradictory Part of the conflicting itsults irt due to the difficulties 
of the operation (extensive hemorrhage injury to the brain eti ) There 
is no doubt that removal of the gland by the huctal route is m the Inmds 
of skilled expcnnuntcrs, attendvd with leas brain injurv than tho cranial 
route of Paailcsco and Cu lung The most instructive results arc tbo c 
reported bv Cushing and his coworktrs, Sweet and Allen Aschner Smitli 
Camus and Poussv Their studies viewed in the light of the entire litera 
ture, appear to warrant the following conclusions 

1 Cutting the stalk of tlie infundibulum, or removal of as much 
of the posterior lobe and pars intermedia as is po sible without too great 
injiirv to the anterior lobe has no marked tfftet on the animal except 
possiblv some tendency to adipo&itv due to injury to the bast of the brain. 
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there is no histamm in the fresh posterior lobe Crystalline substances 
showing some of the characteristic activities of posterior lobe extract have 
been isohted by Aldrich, Ilonssay, and especnlh by Fulmer, the litter 
im cstigator was able to isolate four erj stalline substances exhibiting pbvsi 
ologicil activity These were named collectively, by Fuhner, ‘hypo 
plivsin ” 

The commercial proparidon "pituitrm, ' is an extract of the posterior 
lobe One cubic centimeter is said to correspond to 0 1 gram of the fresh 
or to 0 1 gram of the dried gland “Pitmtan liquid” is said to be a 20 
per cent extract of the fresh gland 

Standardization of Posterior Lobe Extracts — Eoth (1014) found 
that the various commercnl preparations of the posterior lobe on the 
market lined greatly in physiological activity, some being fifteen times 
stronger than others This is a very serious situation, in yiew of the m 
creased use of this extract, espeunlly in obstetrical practice, and becau e 
of the serious consequences («uch as rupture of tho uterus, etc ) that may 
follou the 'idminifltratioii of too largo a dose In rieir of the fact tbit 
there ts no seasonal variation in the activity of the posterior lobe, and 
little or no difference m the oUuil\ of the gland from different species 
of animals (cattle, hogs), the actual variations in the strength of prepira 
tions must lx* due to fyulty processes of manufacture It evidently does 
not sufBce to state the strength of the prcpantion in terms of the percent 
age of fresh or dried glmd present Roth bis domonstritcd a practical 
method of standardization by corapiring the extnet (using a guinea 
pig's uterus is a test object) with i defiintc dilution of histimm But 
Abel and Riuiller have recently reported the I’^ohtion of a substanco 
from the posterior lobe hiving forty times the iction of cquil quantities 
of histamm 

Posterior lobe extract has become n useful drug in labor It is 
obvious tbit «uch standardization of posterior lobe extracts for clinical uses 
would mike the substance safer 

Feeding Experiments with Posterior Lobe — The e have so far 
thrown little or no light on the physiology or possible therapeutic u«c 
of the organ Caselli, Suidri and Goetsch report retirdation of growth 
m young animils on continued feeding Aldnch, Lewis and Hiller noted 
no effect on growth or health condition of the animils fed Behrenroth 
obtained indications of increased rate of maturition of the gonads 
Goetsch states that feeding the dried powdered posterior lobe extract to 
young rats in daily doses of 0 1 gram causes failure to gun in weight, 
increased peristalsis, mild enteritis, and certain nervous manifestations 
such as muscular tremors and weakness of the hind limbs These effects 
are not produced bv smaller doses (0 0»» gram per day) The«e smaller 
doses have no effect on growth but seem to retard the development of 
the sex glands A dose of 0 OS gram dried pituitary per d ly given to 
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Cushing interprets the results os due to an excessive liber itioii of posterior 
lobe secretion into the blood the timwlition of the eland Using more 
accurate methods Keeton and Bcclit showed that wink direct stimula 
tion of the gland induces hjporgUecmia and gljco«urn this docs not 
occur m animals with section of the spinal cord or the phnehme nones 
— a fact which argues against the lihtiation of an hcpophcsis hormone 
which increases directly the gljcogenohsis in the Incr The que«fion 
of the possibility of iiidueing excessive hapoph^sis actiMtc bj direct 
mechanical stimulation of the gland is of grtit practicil importance in 
cases of head and brain injuries and brim tumors in min 

Alleged Secretory Nerves to the Hypophysis — II ih que tion is as 
vet an open one, owing in part to the fact that nt hive no certain test of 
hvpophjseal hiperaetivitv m crucial expcnmcntal atimnl itions lasting 
at the most a few hours Weed Cu hmg and Jjcob*on and Shamoff 
reported that stimulation of the cervical raipathctic nervt md especiallv 
tbe superior cervical ganglion in rabbiU induces ghco*um This the' 
interpret as due to the stimulation ol sccrctorv nenc tiKrs passing from 
the cervical s'mpnthetic to the posterior l<>bc thhougli using more 
accurate methods I aliens and Lifschitz tailed to contiiTO CushiUj, « 
results 

Effects of Feeding and of Injection of Anterior Lobe Extract Ez 
penmental— Citshmg Sandn Ahlnch Grail W nlzcn and Maxwell and 
Lewis and Jliller and others report impairment of growth or loss of 
weight on feeding or injection of anterior lobo substance Tins mav be 
due to exce sue doses used Schafer on the other hand reports little 
Of no effect on growth from anterior lobt idministration. Robertson, 
Working on mice and fcedin_ fresh anterior lolx (0 12 > grim per d iv ) 
reports that when the feeding is begun it the fcurtli week of life tlicrc is 
first a retardation and later on an accclerition of growth so tint the 
hjphoph'sis fed mice fiiiallv attnm and ma> even surpT^ the size of the 
control animals However, the pitnitarj fed animals are on the, whole 
smaller than the controls “ilthough tbev weigh more and appe^^ to be 
more compactlv built There is ccrtainlj nothing in the ditu pro ented 
by Robertson that indicates an approach to acroinegiln m the pituitarv 
fed mice Robert«nn also found that feeding the aubstiiicc Hhchn (iso- 
lated from the anterior lobe) produced ts cntiallv the sime effect as feed 
ing the entire lobe tissue 

In another report Robertson and Burnett «tite thut injection of an 
emulsion of the anterior lobe into tumor« (carcinomata) lu mice menaces 
the rate of the tumor growth without mcicaain^, the tciidencv to met i tascs 
^ulzen reports further that the growth of plinvnan worms is accelerated 
^5v a diet of anterior lobe ind pars intennedii provided tbe feeding is 
l^gun earh in life Any part of the hvpophrsis increases the rote of 
fission in these lowly forms Robertson al o tates that hvpcdcnnatic 
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2 Complete or neirlj complete rcmoril of the ulterior lobe m \oung 
mimnls kids to retardation of growth, especially of the skeleton, prevents 
matuntiou of the gonads, thus causing failure of development of the sec 
ondiry characters, caused depression, sluggishness and somnolence, 
a tendenej to excessive obesity, a lowered rife of mefibolism and possibly 
some increa e m the carbohvdrate tolerance hyperplasia of the thyroid, 
thvmus, and the cortex of the adrenals, it shortens the span of life 

3 The interior Jobe ippoars to be neeessaiy for normal gronth and 
development, but itarcinovil is not fatal The death of hypophysectomized 
animilo, is reported hy minj workers, within two to five days of the 
optntion, with s>Tnpt 0 JMs of ertreme depression, is probably due to 
hemorrhage ind brain injuries At in\ rate it does not appear to be 
due to the loss of the inferior lobe Complete removal of the posterior 
lobe and pars intermedia is more difficult without injury to the base of 
the brim 

4 In the adult inimil complete or partial removal of the anterior 
lobe miv induct i temponry hvpcrglycemn and glycosuria, excessive 
deposition of fat, progressive atrophv of the gonads and the* sex character*, 
and various lu«tological ehingis in the other endocrine glands 

5 In moat cases partiil rcmovil of the Inpophvsis, or mere operation 
in the region of the livpophysis, induces a temponry diibetes insipidus 

0 It 1 *, at present, impossible to state whit part of the symptoms 
following hypophvsoctorav is due to brain injuries, what part is due 
to loss or injurv of the glind I have had ipparcntly completely hypoph 
ysectomized dogs showing no demonstrable symptoms 

Transplantation of the Hypophysis —la the hinds of most obserrer* 
the transplanted hvpopbysis appears to be quickly absorbed without pro 
ducing any definite effects on the auimil Evner reports i temponry 
increase in growtJi when several glands were transp] inted into young nts 
Cushing and his pupils state that symptoms of complete or partial 
hvpophysectomv are delived or diminished, it least for a time by tnns 
planting a part of the ghnd Tlie same luthor reports favorable results, 
at Icist temporarilv, from tnnsplintation of a childs hvpopbysis into 
the brain of a pitient suffenUt, from hypopituitarism due to a hypo- 
phvseal evst There is nothing in the literature to indicatt that a trans 
planted hypophvsis becomes pennauentlv functional in the host Nor 
has It as v ct been possible to produce any of the svmptoms of acromegaly 
by implanting excessive imouuts of hypophysis into animals 

Direct Stimulation of the Hypophysis — Heed Cashing and Jacobson 
report that direct stimulation of the hvpophvais, mechanical or electncal, 
induces a temporarv glycosuria This is said to occur even if ter section 
of the spliDclnic nerves, or the qvmal tord helovv the level of the phrenic 
nuclei, showing tbit it is not due to brain and splanchnic stimulation 
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Cushing interprets the results as due to an ttcessive lihention of po tenor 
lobe secretion into the blood the stimulation of the ^,1 iiid L sm^, more 
accurate methods Keeton ami Becht «houtd that while diri'ct stiinula 
tion of the gland induces h^'pcrgKccmn and cljcoMirn this do s not 
occur in animals with section of the spinal cord or the phiKlmic iicncs 
— a fact which argues agam«t the liberation of an livptplnsis hormone 
which increases directly the glvtogenoh sis in the liver The question 
of the possibility of inducing crccssive Lvpophvsis aitivitv bv direct 
mechanical stimulation of the gland is of greit practical importance in 
ca es of head and brain injuries and brain tumors in mm 

Alleged Secretory Nerves to the Hypophysis — Jhis qnc tion is as 
yet an open one, owing in part to the fact that uc hm no certain test of 
hypophyseal hvperactmty in cniciil eypenmenta! stmiiilitions la ting 
at the most, a few hours l\eed Cu$lmi„ and Jacobson and ‘'hamoff 
reported that stimulation of tho cervical svmpithctic nerve and especially 
the superior cervical ganglion in rvbbits induces ^Ivcositna This they 
interpret as due to the stimulation of socretorv mrv< fibers pa*sing from 
the cervical avnipathetic to the p<■^tc^lo^ lobe Vlthougb using more 
accurate methods Rabens and Lifsebitz failed to loiifinn Lusliings 
results 

Effects of Feeding and of Injection of Anterior Lobe Extract Ex 
perimental Cu«hing, Sandn \ldrich Onil \\ ulzen iml Ariwitll ind 
I«ewi8 and Miller, and others report impairment of growth or has of 
weiaht on feeding or injection of antcnoi lobe substance ILis may be 
due to excc ive doses used Scbifcr on the other hand reports little 
or no effect on growth from interior lobe admini tratioii Pobertson 
working on mice ami fcediu„ fresh interior lobe (<> 1- > gnm per dav ) 
reports that when the feeding is begun at the fourth week of life there is 
first a retardation and later on an acceleration of growth so tint the 
hyphophvsis fed mice finallv attain, and may even surpa s the "ize of the 
control animals However the pituitary fed auimils arc on the vdiole 
smaller than the controls, although they weigh more and appear to l>e 
more compactly built There is ccrtimlj nothing m the data presented 
hv Robertson that indicates an opproach to ncromcciha m the pitiiitarv 
fed mice Kobertson also found that feeding the Biibstinco feihelm (iso- 
lated from the anterior lobe) produced essentially the «inie effect as feed 
mg the entire lobe tissue 

In another report Robertson and Burnett state that injection of an 
emulsion of the anterior lobe into tumors (carcinomata) lu mice men a os 
the rate of the tumor growth without increasing the tendenev to mctistascs 
IVuIzen reports further tint the growth of phninan worms n iccclcratcd 
V a diet of anterior lobe and pnn, intermedia provided the feeding is 
^cpin early m life \ny part of the hypopb'sis increases the rate of 
fission in these lowly forms Robertson also states that hvpodcnintic 
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2 Complete or iicarh complete removal of tlie anterior lol>e in joting 
auimala leads to rctirdation of growth, csptcialh of the <«kelctoii, prevents 
maturation of the gonads, thus cau«smg failure of development of the sec- 
ond irj ee'^ chancters, causes depression, «Inggishness and somnolence, 
a tcndeiiej to c\ce>^nL obe&Uv, a lowcnd rate of metabolism, and possibly 
some increa e in the cnrlwh^drate tolerance hvperplasia of the thvroid, 
thv mus, and the cortex of the idrcnals , it shortens the span of lifi 

3 The anterior lobe appears to be ncccssarj for normal growth and 
development, but its removal is not fatal The death of hvpophvsectomized 
animal'^, as reported b;v mam worbors, withm two to hve da^s of the 
operation, with s\^nptoms of extreme depression, is probably due to 
hemorrhace and brim injuries At nnj rtfe it does not appear to bo 
dne to tlio lo«s of tlio anterior lobe Complete removal of the posterior 
lobe and pars intermedia la more difficult without injurv to the base of 
the brain 

4 In the adult animal complete or partial removal of the anterior 
lobe mav induce v temporary livpcrglvccima and ghcosurta, excessive 
deposition of fat, progre«aivt atropbv of tlic gonads and the fees characters, 
and various In tolocical change^ in iho other endocrine gland» 

6 In most cases parti il removal of the hvpfpliv si«, or mere operation 
in the region of the hvpophjsis, induces a temporary diabetes in«ipidii8 

C It IS, at present, iinpo«sihlc to state what part ot the sjTnptoms 
following li\poph> octomv is due to hrnm injuries, what part is due 
to lo 3 or iiijiirj of the gland I liave had apparently completely hypoph 
ysectoniizod dogs showing no demon«triblo svmptoms 

Transplantation of the Hypophysis — In the hands of mo«t oh«enors 
the transplanted hvpophtsis appears to he quickly nlteorbed without pro- 
ducing any defimfe effects on the animal Exner reports a trrapnnrv 
incrca o in growth when sevcnl glands were transplanted into voiing rit« 
Cu-’liing and his pupils state that symptoms of complete or pirtial 
hvpophy«cctoim arc delavcd or dunini'ihcd, at least for a tune, bv trnns 
planting a pait of tho gland The same author reports favorable rc«ult«, 
at least teinporarilv, from transplautatioii of a child s hypophysis into 
the brain of a patient sufftniig from hypopituitarism due to a hvpo 
phvscal cyst Tlicro is nothing m the literature to indicate that a trans 
planted hypophvsis, becomes pramaneutly functional in tho host Nor 
has it ns yet been po‘'sible to produce any of the symptoms of acromegaly 
by implanting exee««iye amounts of hypophysis into animals 

Direct Stimulation of the Hypophysis — ^^VeelI, Cu hing and Jncoh«on 
report that direct stimulation of the hypophysis, mechanical or electrical, 
induces a temporiry glycosuria This is said to occur oyen after section 
of the Epiaiichiiic iicrycs or the ‘ipinal cord below the level of the phrenic 
nuclei, shoyviug that it is not duo to hraiii and splanchnic stimulnfion 
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Oushmg interprets the results as due to an e-^ccssive liberation of po tenor 
lobe 'ecretion into tbe blood 1>\ the stimulation of the pliiid Using more 
accurate methods, Iveeton and Becht shoued that while direct stimula 
tion of the gland induces hjpcrghcemia and glscosurn this dots not 
occur in animals with section of the spinal cord or the planchnic iienes 
— a fact 'which argues againsit the liberation of an hipophisis hormone 
which increases direetlj the gBcogenohsis m the Iner The (juestion 
of the pos“ihilit\ of inducing excc!»sive h^pophisis nctivitv bv direct 
mechanical stimulation of the gland is of great practical importance in 
cases of head and brain injuries and brain tumors id mm 

Alleged Secretory Nerves to the Hypophysis — Ihis question is as 
yet an open one, owing in part to tbe fact that wo baio no certain test of 
hypophyseal hyperactivity m cniciil eypcnmentil •itimulitioiis lasting 
at the most, a few hours Weed Cuslimg and Jacobson nnd ‘'hamoff 
reported that stimulation of tbo cervical svmpathctic nerve ind c«peciallv 
tbe superior ccmcal o^Dglion la rabbits ladnoc ghi’^suria This thev 
tnterptet t% due to tbe BtiTOulation of secretory ntrw fibers pacing from 
the eeriieal svinpitlietic to the posterior lob Mfhough u in^ more 
accurate methods Rabens and Lifsebitz tailed to contmi Cushings 
results 

Effects of Feeding and of Injection of Anterior Lobe Extract Ex 
penmental — Cushing Sandri Aldrich Grail Wulzcn and 'Msxwell md 
Lewis and Miller, and others report impainnent of growth ir loss ot 
weight on feeding or injection of mtenor lobe substmee This mav be 
due to erce sne doses used Schafir, oti the other hmd reports little 
or no effect on growth from anterior lobe ndmimstration Pobertsoii 
wnrlcinp on intc( and feeding fresh anterior lobe (0 l-o ..rtm j>tr da> ) 
reports that when the feedin„ is begun at the fourth week of lite then is 
first a retardation and later on an accclentton of growth so tint the 
hyphophvsis fed mice finallv attun and mav even surpass, the «ize of tlio 
control annuals However the pituitary fed auimals ire on the whole 
smaller than the controls, although they weigh more md appear to bo 
JDore compactiv built There is ccrlainlv nothing in the diti presented 
by Robertson that indicates an approach to acrome^alt i m the pituitarv 
cd mice Robertson al o found tbit feeding the substince lethelin (i o- 
sted from the anterior lobe) prodiictd essentially the same effect as feed 
the entire lobe tissue 

In anotlier report Robertson and Burnett state tliat injection of nii 
emulsion of the anterior lobe into tumors (tarcinomata) m mice incri iscs 
1 e rate of the tumor growth without increasing the tendenev to metasta'cs 
ulzen reports further that the growth of plmanan worms is acceknted 
^ a diet of anterior lobe and pars intermedin, provuded the feeding is 
gun earlv in hfe Any part of the hvpophysis increases the rate of 
in these lowly forms Robertson also states that hvpodenintic 
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nijcctioiis of tctliclni 'stinuihte flic action of ti« ne rcp-iir na caressed 
m tile rephccinent of ti«i no lost dimng a preceding period of 'tirvation 
or in the hcnlinj; of gnuulatmg wottwds 

The cxteiisnc studies of Goctccli on white nts s,.ein«l to demonstrnte 
tint coiitimied feeding of anterior lohe to joiing nnmnls accelerites body 
growth and hastens owul nntunta, while similar feeding of posterior 
lol)C retards both growth and sexual development ‘When the anterior 
lolio IS fed to adult rats, soMnl actnitv, ns indicated bj tlic numkr of 
proginncies, n autnneiitrd Goetsch’s work appears com mein" but it 
seems difhcult to rcconcvlc liis 100 ftr cent posifn e reviilts « itli tlie iiepa 
tiie findingd of practtcnlty all ofhtr (cf Kriss) Robert 

«on and Wulztn give the impie®sion that the anterior lolic fmlmg did 
t\irt some stmnilatmg action on the sox function in some animals (niioe, 
chickf ns) 

According to Pearl and Surface injection of nntenor lolic “ubstaiin. 
or extract into the peritoneal cnvitv of fowls does not activate the com 
pktelv resting ovarv pceding the sami to eegkving bens docs not 
accelcrito egg production Feeding the nnfenor lobe substance to voiing 
pullets does not bring about on earlier actuation of the ovarv reeding 
anterior lobe substance or desiccated caarpus liitcaim to voung piillcfs 
rciaids grouili but has no effect on the rale of development of «oxtial 
inaturitv Clark, on the other hand, reports that feeding the anterior 
lobe sulstaueo to hcn« mereases tgg prodnclion as well as the fttumlitv 
of the egg Ibis effect becomes evident after tbrei or four davs’ fved 
ing and pcr&ista a ftn da's after ceasing the feeding Clark s e\i>cri 
nicnts an. cnticircd h^ Pidot Ulileiihuth npoils some exce>s gnwtli 
of salamander larv c fed on the anterior lolic 

The present state of the literature on pituitara feeding of iionnal 
experimental animals «evins to admit of the follow iiig conclusions 

1 Pecding antcTioT lobe imv sb^itK accelerate the growth of vonng 
animals but there is no tvidenee that the final staturo is grt itcr tlinn 
that of the control aiuna tls Hen< e, then, is no ca ideiico of experimental 
acromegalia or gi_,antism, at least m mammals 

2 Anttriop lobe feeding is nporttd to accelerate sexual niatairation 
in the voung and stimulate sexual actuitv in the adult nminal, vvhik the 
posterior lobe has the opposite action Ihit more work is needed before 
this thesis IS established In view of tlw conflicting literatmo, wt cannot 
refrain from txpnssing the fiar that some authors niav have reported 
what thej thoit.,lit tlicv oujit to hav e found, nthcr than impartial objee 
tive results Ilvpogcintalisra and retarded growth arc ascribed L\ oniiin 
clinicians to mipamnent or destruction of the hvpophvsis, htnee, tint 
hjpophv cal organothcrajn ought to produce the opposite results appears 
so reasonable as to lull scientific antique 
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Functional Disorders of the Hypophysis Alleged Hyperpituitarism 
— For some time after the report of i nJation between aeromegaln and 
the hipoplnsis there was much discussion as to whether the disease was 
due to a condition of hvperictniti of h>po-dctivitv or ol a perverted 
activity of the gland The theory has also been advanced that the pitu 
itar\ changes in acromegalia art seeondarv to the hone growths and the 
general disorders of the bodv It is now generallv held, though not prov ed 
that the former is due to hi pcrplasin and increa cd activ it\ of the anterior 
lobe — at least in the early stages of the disease The primarv pathological 
condition m acromegalia is usually one of simple hvperpKsia (adenoma) 
of the anterior lobe — e'pe<‘ially an increa e in the number of chromophile 
colls (Lewis, Csopii, Ivahlmetcr and others) It friquenth shows indi 
cations of malignancy Vt the same time there scorns to be at least a 
functional invoUemuit of the posterior lobe In late stages there may 
be aa extensive degeneration of the gland aud this has an important 
Wring upon the possible tlurapcntie use of the glind in aciomegaln 
The ami lioratioii which mav follow the remov al of part of the bv pophv sis 
111 acromegalia (Hocheneg,,) affords additional proof that the condition 
18 one of hvperpituitarism At tho same time it must be admitted that 
ff'C precise rtlniton nf hypopht/ual aclntly io acivnifgalta aiuf gtganiism 
has not yet leen established Cognetto advances the following argument 
agaiaat the generally accepted hyperpituitarj theory 

I Cases of acrom^alu have been observed without tumors of the 
b'Pophysis. 

^ Adenomas compoai d entirely of chromophihc cells of the anterior 
lobe have been found associated with acromegalia 

3 Adenomas of the hypophysis composed entireh of chromophihc 
cells, but without acromegalia, have also been described * 


Two sets of svraptoms are caused by hvpertrophv of the hvpophysis 
(1) those which appear to bo due to the specific hvperactnitv of the 
gland (2) those produced bv the pressure of a tumor in this region 
The sppcifac effects suppr cd to lie due to hyperactivitv which mav throw 
some bght upon the normal fanctwu of the gland are marked and charac 
•eristic changes m the features and m tho extremities, duo partly to 
growth of the soft tissues partlv to an enlaigemcnt of parts of the 
Ws of the head feet and hands 

Iveith has tiiilied m detail the chingcs in the skull in acroimgalia 
““1 the manner m which they areindnetd lie concludes that an internal 
®''vretion of the In pophv sis sensitizes ti* ties so that thev respond to the 
natural stimu li of growth (mctlnmcal activity and inu eiilai movimint) 
j. , ‘ 'I'e ctLS«9 tl ere are ch n„eB in the cranial bone* with >ut acromegalia — 
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with mereasod cncrgj The cDlaigcmcnt of the extremities is due largely 
to connective ti&siie growth 

Among other symptoms of acromegalia arc lassitude, muscle pains, 
apathv, and disturb inces (depression) m sexual actuitj, there mav be 
amenorrhea lu women and frequently impotence in men, but exccssue 
sexual activitv mav also be present Vasomotor changes m the stm arc 
frequent Pohuria, witli or uitbout glycosuria, is not uncommon 

Lorcliardt found glvcosiiria in 40 J per cent of 17C cases In later 
stages whore the hyp(.ractivit> of the gland is being replaced by hvpo 
actiMtv there is, iccording to Goctseli, Cushing ind Jacobson, not onh no 
ghcosuria, but an increased tolerance for carbohydrates, but these authors 
consider both tlic ghcosuria (lowered carbohydrate assimilation) and the 
subsequent incrciacd carbohydrate tolerance to be due to hyperactivity anil 
hypo activity, respectively, of the posterior lobe 

The htcratiue on the condition of metabolism in acromegahs is con 
flicting, but lu the early stages there appears to bo a definite retention of 
calcium, magnesium, and phosphorus (Bcrghcim, Steyvart, and Hawh) 
probably in consequeuee of the new bone growth Part of the contra 
(lictory results arc probibly iluc to the tact lint only the eirh stioCS 
the disease are associated with hvpcractivitv of the anterior lobe, snd 
this 18 followed later by destructiyo changes in the gland and hypopitu 
itarism (Tarabunni, Schafer) Since pure hvperpituitansm (expen 
mental hypophysectomy) seems to bo followed bv some lowcnng of the 
rate of metabolism, we would expect an increased rate of metabolism in 
acromegalia, if it is due primarily to hypcrjctnity of the Inpophysis 

The studies of acromegilia show that there is a close relationship 


between the hypophysis and growth, especially of connective tissue, car 
tilige and bone, and aLo between this ,,Iaiid and the activity of the sex 
glands, thus supporting some of tho experimental results on the hypophysis 
\ '^he relation between the bypophyais and growth has been further 
phasiz. 1 by studies on gigantism m this condition also hyperplastic 

ditionsmals b°^ 3hc hypophysis arc frequently found In many of thee 
;s howevof the col other glands of internal secretion are so greatly involved 
t it is impos=iJ*a or gi^^® to determine whether the changes m the hypophysis 
primarv op lol»"aarv TLc other gUndj chieS, involved are the 

pfiam on the other""’ '“V” 

e deatroved (Aschner/ connection that favorable results m 

It IS interesting to notP “S ^ administration of 

oeioos gigantism have \ \ n the hjpophjais in animals following cas 
V, and that the changes iP jPg injection of testicular extracts 

on niav be parti, prtveni ^ albino rat there is no hjperplasia of 

11 reports, however, that nil o-. "'•"'I® castration of the male induics 

ivpoph^sis lollowing spayim 


THE HYPOPmSIS 


the hyperplasia TandJer suggests that the special growth features of 
eunuchism may be due to the li^perplKn of the fh\r id that tollons 
castration But in the rat and the guinea pig the chin^ps induced in 
the hypophysis by gonadectomy appear to be of the inturc of atrophy 
or degeneration (Addi«on 'Moore; 

A condition of hypcrpitwitan m is bolieeed to esist as has alriadj 
been mjicated, after castration which usiuUv lends to some enlarge 
mint of the hjpophnaia, and also diirm^ prcgiiaiici whin sum of the 
functions of the ovaries arc lu abeyaiico Ihtrc in not onli charac- 



tinstic changes in tho hypophysis during pregnancy as indicated bj 
»icrca«c m sire and by histologinl chingte but ctrtnin goncrjl symptoms 
of pregnancy (enlargement of the bands changes in the fncios siiggestiie 
of acromegalia) are considered to be due to the hyperpituitirism Some 
of tlie«e changes may persist after tcnninalion of the pngnancy 

Bemoyal of the thyroid al«o Icids to hypertrophy of the hypophysis 
(Rogonihch, Leringston) the latter is al«o found in many ca cs of 
hyperthyroidism in man Symptoms referable to the hypophysis Iiayo 
been reported after thyroidectomy 

Functional Disorders of the Hypophysis Alleged Hypopituitarism — 
Tho condition of hvpopitiiitari«m is of interest in connection with tlio 
organothcrnpcutic use of the liypopliisis 


onoANOTin n\pruTics 


A condition of h'popitnitansm is flosiiTncd to exist in llio disease 
‘{h-sfropiiin ndtpovopiiiitalis, first dtstnltcd lij I n.iilicli in In 

tins ponditiim lljcrt nro hipopli^acil tmnors or c\sfs of n dc«tnic 

tHC ihnnctcr, conilnnod ivjtJi olcsiti, i Inpophstie condition of (lie sox 
f.hnds and rctirdtd prowtli or infintilism Some of Hicsc simptonis— 
iiotibl^ t)ic obositi — occur also in tlic later stapes of acroinopain 

Hie iicv, tliat lUia condition is really due to n priimri jniolumcnt 
(inpofunetioninpl of the hxpopliasis is larpeh baaed upon evpeniJWUs 
upon aiumala (Ciiaiuiip \«!eluier) in ttlucK the li\poph\sis i\ is partnllv 
removed as di tailed nloxe, and on the ciTiits of cluiieil or^inotlierap^ 
(lieck, J n^clbteli, licmoj, innniL mid others) 



fio IS—Tracixq Sitosixo riiE Tmer or Iatbavfxov^ Isjfcrrov or rxinirt or 
Tlir lOSTEHlOD LoM OF TUB llTrOPMTSW ox TJie nMWOrSESaCBE (Scliuf r) 


Pushing and iuS coi'orhcrs flr«t lelicvod that the above results were 
due to nnioval of part of the miKrior lobe. Inter tlK\ suLgiotcd that 
some of them (the adiposity and men Jsod eirbohjdntf tohriiiee) arc 
tIuelU due to rcnio>al or iiyim ol the postcncir lohc Ihll tiiinhs that 
the hjpophjais acts as a snij^lc glaud Beck ossiimis specific doficicncv 
sxmptoms both of the anterior lobe, iinmoI_j (1) rctnrilul growth, (2) 
obisitj (3) iuf\ntili<>tn (4) Inpnthennia ('ll < uht xin, and the posterior 
loho (I ) IiNpofiiisiou, i^} JKcrejsd siipir (oJcniiet , { ) low h isal metabo 
hsm (4) nsthiiua ru^tlbacli a sninca i txpc of ndiposit\ specific for 
posterior lobe dcficKiici Iid^ and others «ss««k that onh posterior lolie 
deficicncN niducos dinhctes in^ipidiw 

It mast bo ndnutted, honcter, that it is not possible to stife •with 
ccrtnmt}, m cases of chmcol h^popitmtarism, which ssonptoms arc din. 
to lack of anterior lobt and -wlncli are due to Inck of pistcrior bl'C, or 
whether nny of them ore pnmnnb related to hipophiscal defioicncs 
Wien the evsts or neoplasms lieeomc snftciently Urge, it is probibk that 
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tie actiMtv of the entire gland is deprtssed (pressure atropb \ ) irrespective 
of the pdrt of the gland giving rise to the tumor The ditinultv in the way 
of h\'pophjsi8 organo herapj is further inereistd b> the latt that many 
of the clinical s'mptoms of hypopituitarism arise from distrophv 
of other glands of internal secretion Thus impainnent ot growth and 
dwarfism and retard ition of gonul mitiuratioD nia\ he due ti thtroid 
dehcieno seviul infantilism to pnnur\ impairment of the gonad abnor 
malities in carbohydrate tolerance to disirders of pancri as and adrenals 
and loverid metabolism and body temperature to a gnat number of 
causes Cushing, Ealta, Beck Eji^tlbich and others thu recognize a 
distinct group of cases tilth htpophisis jnvilvement biit “hoiving at the 
same time signs of plnnglandnl »r dtstrophv Ihi oTijanotherapy of this 
group w necti^^anhj (ompheated ond « of pment purely expenrmnlal 

Evperijnental work and clinical ob ervations seem to show that the 
hjpophjsis I’l an or^an essential to nomid life the removal of winch 
tnav lead in a short time to dfjtb the p irtial removal or disease of which 
wav lead to a condition of retarded growth or infantilism to obesitv* to 
atrnpliv of tlie Bcy glands and other disturbances of nutrition hvper* 
activitv of the anterior lobe (m acromegalia and gigantism) mav lead to 
accelerated and Sbnormal bono growth, and nltimdtely to atrophy of the 
sfy glands Nothing is known as to the nature of the action of this part 
ofthe hvpoph^sis 

The posterior lobe and pars intermedia contain a substance or sub* 
Stances havin^j marked effects upon plain muscle especullj that of blood 
vessels and the uterus and upon the kidncv while it thus lus important 
piarmacodjnamie actions its nJe in the normal animal is obscure since 
It is not certain that this Biihstancc is given off bv the gland to the body 
fluids 

Therapeutic Uses of the Anterior Lobe —If we assume that the 
anterior lobe secretes a hormone and if the honnouc is absorbed in active 
form from the ahmentarj tract thus permitting 'idimnistration per os or 
'vheu It IS prepared in sufficient puritv to permit of repeated intravenous 
intramu!.cular or hvpoJermitic injections without untoward svmptoms 
one might hopo for favorable results from anterior lobe tberapv in all 
diseases due m whole or in pirt to unpaired functions of the hjpophvsis 
(hvpophyseal dystrophy, infantilism amenorrhea impotencv or impaired 
gvuwth traceable to the hypophysis) The results of clinical use of the 
hvpnpliTseal preparations have o far not come up to this expectation. 
Jn fact ,1 has 7U>t yet been shown that the effects of parliai or complete 
hpophyseclomy ui expenswnlal animals can be essentiedly and per- 
*nanenlly counteracted by htjpophyseaJ organotherapy The past failure 
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may be duo in part to using the entire gland, rather than the anterior 
lobe, as there is some evidence that posterior hho substance counteracts 
the effects of tiit anterior lobe eiilistinco in some directions Eecont 
clinical reports record some cases of supposed hvpopituitansm in which 
feeding liypoph^ysis, or hvpophjsia combined with tiiyroid, seemed to 
improve some of the symptoms (adiposity, gtncril aplasia, soranoJenct, 
etc ), while other ca^cs showed no improvement If the diagnosis is cor 
rect It IS difficult to explain such disconlant results Wo must he p»r 
ticularly careful in ea<!cs of Jelai/ed ruIoUscence for here any therapy 
persisted in long enough may seem to be effective, althoiiglt there may he 
no causal connection hetwetn the theripv and tlic chnnp,c in the piticnt 
That thvrou! feeding reduces adiposity is well established, but what light 



Fio lO — TsAciKO 8IIowI^o THE Actiok ov an Isolated Cornu or Rats Utcbcs 
S uspEwnro in Loci e s fioiUTlON or the Addition op tNTBicr or Postebior I/OBE 
or Ox IlTUlTARY TO THE SOUITION (Itagaki ) 


does that throw on hypopituitarism^ In the present unsettled state of our 
knowledge we must bo guided b> tlio following principles 

1 Diagnosis of hypopituitarism is in nr) case certain 

2 reeding hypophysis Ins so /ar iailed to control the symptoms of 
certain (experimental) hypopiluitanam 

3 Empirical organotherapy m supposed hvpopituitansm is justified, 
but when pluriglandular mixtures arc used wc aro merely treating a 
disease of unknowm ongin with a remedy of unknown composition 

The literature shows that, besides tho above, hjpophjsH therapy has 
been tned with varying results m amenorrhea, menorrhagia, asthma, 
hemoptysis, insomnia, angina pectoris, osteoinalacin, rachitis, rheumatic 
and gonorrheal arthritis, p<nostiti8, tetany, cpilepsv, dementia pr«:ox. 




Tin inroinism 739 

slculit^, impotoncTi, CTOplithaltDic ^lUtr piKumoma ditfitljun tNi)hi»t3 
aaj met ‘ ’ 

Therspeatic Uses of Extracts of JPosterior Lobe (Pztuitnn) 1* x 

tracts of the posterior lobe are a ed ft r tin ir < rtc t up. n p) un 

rouble, that of the ntcnia, the giit and 11 id %ts3c{ uu! t r tin t< iiln 1 
of the poljtiria of diabetes msiptdui 

ilanv recent ^^rltcrs havt. rtportiij \im J i\ ribh u ult ti im the 
«sc of swell extracts in tjfenni b.ni rrhv, the u , ,t i.itiiifini in 
atenue atone, and m postparfnm h m rib jud lu i tin i i nn h m w 
well established 

‘^ercral nntera have adrooahd fJi «« t pitwit in i xtr ut t lucme 
the Wood pres lire in shock and m i m ns iiiJmiuu d. . . , in„rum nn 
aiphthena, typhoid etc), clminin. tint it In tin ilvsuti mr 
epiJicplirin of o iniieh nioro 
effect But gwch 
tlienp> Jus ptwed of no 
pnctical lalue Rew and 
other? hxve rcixirted ^<1 
Jesuits from pituituri ex 
tnet in asthms This is 



V error except in 
the eo-calloil ‘^cwrdiac 
ftJtlinia due to iinpnrrci cir- 
clilotmn In true bronehiil 

asthmi pituitrm not onlv . - -• 

has no off<x,t but may bc • 

hsnDfnl {Ivors ler) 

Wiggcrs considers that it is the oidi dnn. whuh rneofs the indica 
'oax for 1 ieniostatie in piilmonirv him rrhv iiko it ruses the biwd 
r^ssurc bv penphcTil action {^hxli < n tnits tin hicerhti" points and al 
, ^ proients nnenua of the hram) and cm is a wcohining of 
e iPart winch pretents a ri i it pro iin in the pwhiiontrv VC's els 
cll and others rrconiineiidpil it m infcstmvl pircsis after abdominal 
operations It is said to act mon pworfully on the pirctio than on the 
Bonnal intealuie* 

Klotz considers it cspocullv v thiabU in peritonitis whero it not ojiH 
inci^vjj the blood prcssim, hut tmnilafts pin tilsis 
of 1 ™ ^“‘^*^** iHjevtci »HlH.ntancoii U or mtmmnsnjlarU in do is 

to J c c of the aqiimns extritt let torn jinndin" to 0 1 or 0 2 
^raof the }j {posterior lolic) >r infnx ctiou i\ in do es of 1 to 

local -0 I c nonnal saline solution TherL is tlangir of 

uecro IS whtii injtetions of stron^ sohltionx are made eubcwtaiiooii h 
F4it5r^ ** vaiualjle m the t^-cr^nite* o( im uiaeo » and other infrcljona.— 
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It lias alfeo been gnen bj tbe mouth m doses corresponding to 0 2 gram 
to 0 S grim of the fresh gland, or 1 to 3 gnms of tlie dnetl gland (pos 
tenor lobe) 

The drug is contra mdicitcd m ill conditions of high blood pressure 

Although serious uutouard results from use of pituitnn do not «cem 
to ha\e been reported, except such accidents as utenno nipturc from ad 
ministration of pitnitrin iii hhor hefbre dilation of the os, it should bo 
remembered tint Ilanei ln\ proiluced sclerotic changes in the coromrv 
icssel** of animils, Crouo has seen loss of uciglit and marked changes 
111 the liier from repeated lujCLtions, Thsoti reports pithological cliangcs 
in the kidnc\ after prolonged use of lirge doses, aud Irauchmi has 
obsened intestinal ulceration md hemorrhage 

GeN^CAL SlillMARt 

^\hi!e specific lnpoph\«o»l oiganothenpv is still in the expcnmental 
snge, our present knowledge appears to u irnint the following 

1 Adnmustntion (per os) of antenor lobe in ill cisos of suppo ed 
hypopituitarism 

2 Possible nine of iiitcrior IoIks suhstiuce (per o?) as a stimnlaut 
to general growth and repair processes 

S The use of posterior lobo cxtrict (suheutanoonsh) as a stmiiilant 
to smooth muscle (utonis, alimontarj tract, cardioiasenlar sjstem’l and 
as an antidinrctic in diabetes insipidus 

4 Physicians should insist (1) that posterior lobe extract (pitiutnn) 
IS physiologically standardized by Roth’s or similar methods, (2) and that 
anterior lobe extract be not prepared from tbe glands of old animals, as 
there are indications of gradual atrophv of tho gland in old age 

THE OVARIES 

Anatomy — The ovaries of the sexually mature mammalian female 
contain the following tissues 

1 Ova in larying stages of maturation 

2 Follicular epithelium and liquor folliculi 

3 Corpora lutea, or yellow bodies 

In the oianes of some specie® (including man), a fourth element, in 
terstitial cells similar to tho«c of tho testes, has been described, but 
the«o do not form such a distinct element of tho ovaries and are more 
readily destroyed by the X ray than are the cells of Levdig m the testes 
Tho ovarian interstitial cells are said to increase during pregnanev and 
undergo retrogression during hibernation 
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Tlie corpora lutea are not present in the ovury before pubcrte This 
particular element can, therefore, assume no role in (he diielopmen( 
of the amtomical and ph 3 sioIogical characters peculiar to the tcmalt sex 
Influences of Congenital Absence Atrophy and Extirpation of 
Ovanes — If the ovarits are remored in the 'omi^ female flu development 
of all the sccondai^ set characters is anxsted The uterus, fallopian 
tubes mammarj' glands 'ind the crtimil ccnitaha remain infantile 
Heat or rut, and, in the pnmates menstiuatiou d) no occur It is 



flaimed that there is a tpndencv to development of some of the male 
phvsical and mental cliaractensfus The metabolism is lowered and in 
■^nie individuals there is a tendency to adipositv, just ns in the castrated 
*"310 Stotzenburg reports that complete ovanotoinj iii the Tory younj, 
rat af'celerates the rate of growth, at least dunOj, the first vear SpaMn^, 
Stems to induce less changt m other endooine glands than castration and, 
strange to saj, m some ciscs the changw are of the opposite character 
'ariotomv in the rat leids to ditreast in the size of the adronaU ■while 
castration caitsts adrenal hvpcrtropliT In the domesticated white rat 
formal) the adrenals and the hvpophvsia arc larger than in the male rat 
\ tatai) The significance of this w not apparent Ovanofonn in carh 
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It has al«o bocn pncn In fLp mouth in do^ cornspoiiding to 0 2 frim 
to 0 S gram of tho frc«h gland, or 1 to 1 grams of tho drictl gland (pos 
tenor lobe) 

Tho dnig IS contra iiidientcd in nil conditions of high blood prcs«iirc 

Although serious untoward results from u«c of pituitrin do not seem 
to ha\o been reported, except such accidents ns uterine rupture from ad 
ministration of pitnitrm in hl^r Ixfore dilation of the o<i, it should bo 
remembered that Ilane^ has pmliiced stlerotic ciniiges in the coronary 
ae«sels of niuinals, Crowo Ins seen los-i of weight and marked changes 
m the Iner from npeated injections, Tliaon reports pithological cliaiigts 
in the kidnoN after prolongid u«e of large doses, and iraiichiiu has 
obbcncd intestinal ulctration and lumorrliige 

GENEnAI. StMlHIY 

While specific U\pnph% cal org motlu nipi is still in the experimental 
singe, our present knowledge appears to warniit the following 

1 Administration (per or) of anterior loin, in all ci'is of supposed 
liipopitintinsiii 

i Possible i due of nnltnor lol>c Bul)stiii(c (;>er os) ns n stimulant 
to general growth and repur prwes os 

3 The use of posterior lobe extract (siiWiifnneoush) as a stimulant 
to smooth imisclc (uterus, aliincntar^ tract, cardioi isenlar sistcm) and 
ns an antidiurctic m diabetes insipidus 

4 Phjsicians should insist (1) that posterior lobe extract (pitiutrin) 
IS plnsiologicdl^ standardized b\ Ilolh s or similar methods, (2) and that 
anterior lobe extract bo not prepared from the glands of old animals, as 
there are indications of gradual atrophy of the gland in old ago 

THE OVARIES 

Anatomy — The ovaries of the sexually mature mammalian female 
contain the following tissues 

1 Oia m varying stages of maturation 

2 Follicular epithelium and liquor follicull 

3 Corpora lutea, or yellow bodies 

In tho oiancs of some species (mcludmg man), a fourth element, m 
terstitial cells similar to those of tho testes, lias been desenbed, but 
these do not form such a distinct element of tho oiancs and arc more 
readily destroyed bv the X ray than are the cells of Ltvdig in tho testes 
The oiarian interstitial cells are said to incroase during pregnanev and 
undergo retrogression during bibcmation 
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H'lIbaE reports successful ovanan transplantation in cspenments upon 
monkeys 

All workers m this field agree on the miin points The ovarian trans 
plant as long as it 1 i\ps, maintains all the hormone functions of the 
oiarips in their normal position These functions are, therefore, internal 
secretion processes, that is, primanh humoral, not nervous reflexes 

Chntcal— Ovarian transplantation homotransplantation and hetero 
transplantation in women has been resorted to extensively m recent vears 
mainly to control the artificial menopause symptoms due to ovanotomv 
or to atrophied or disiased ovaries (Moms Glass, Dudlev, Ivramer 
Tiiffipr Martin and others) Clinical results have not been is uniformlj 
successful as those on experimental animaU probably for these reasons 
(1) In many instances the ovarian graft was not normal to stirt with 
(infection etc) (2) In other cases the state of health and nutritive 
condition of the women receiving the grift were below pir — and this 
militated against a successful take ’ (3) Many surgeons have made the 
nustvko of transplanting an entire ovarv instead of one or more small 
pieces of It The entire ovary is o large that there will be autohsis and 
complete destruction of most of the Irinsplanted organ before blood vessels 
have had time to grow m to maintain its life 

As in the experimental work, autografts bav e proved more useful than 
heterotransplants But Martin notes that either tv pc of tidnsplant may 
luidirgo cjstic degeneration So long ns a sufBcitnt cjuantitv of ovarian 
tissue remains the transplant is able to sustain normal sex life, inoludint. 
menstruation But at the Ixst oianan traMplaniaiicn for clinical pur- 
poses IS so far only a temporary expedient The cause of the ultimate 
atrophv of the ovarian graft, once adequately va«culati 2 cd is not known 

Chemistry of Ovarian Extracts — The ovary produces in all prob- 
ability, sevenl hormones hut none of them liav so far b(?on i olatod and 
chcrnically difincd or detected in the Wood although Toiiatt claims that 
cows can ho brought on rut by feeding them milk from cows in rut 
Lillio has shown that the mature ova of ccrtiin imerttbrites secrete 
a Bubstanee which acti on the sperm to tender it capable of pcnitratmg 
nnd fertilizing the ovum In the absence of this substance union of 
ovum and sperm does not take place This ubstnnee thus appears to act 
hk( the opsonins ill plM 5 ,ocvto«is Tlie subatance is ii imed fertilizin bv 
Dr Lilhc It can be extracted from the ripe ova bv various means and 
thus shows some stahilitr It is likelv that similar fertilizins have a 
role m the proccs cs of umon of sperm and ovum m the vertebrate in 
eluding man but this hormone or socrttion is obviously not concerned 
in the development and maiutcnanie of ex life, as npc ova arc not present 
leforc adolo etnee and after adole&ccnec they are present only at definite 
periods 

Hermann reports that he has i«olxted a pentaminpho«phatid from tlie 
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pregnancy does not influence the cause of the pregnancy or the 8uh«&- 
qnent lactation But in mice the incidence of mammary gland cancers is 
reduced 1} o^a^otom^, and spaaing retards the postpartum imolution 
of tho uterus Aloore reports that, in the guinei pig spaaing of the 
^oung animal lead» to decreased growth of the h^poplijsis, the adrenals 
and the spleen, and a slight tnerease m the tlnroid 

Oiariotoma in the adult and •scxuallj mature female leads to atrophy 
of the anatomical «ex characters of the female, aiipprcssion of all set 
functions and most sit hchaiiora and, in women, to some of the mental 
and phasical <!amptoms of the natural menopaiiae, such as nenous and 
circulatora disorders Ihe persistence of mcn«tniation ni uomen after 
suppo edh complete surgi^l oannotoim is obMoudj due to oaarian 
remnants Tins is all the more evident smcL the clinical literature con 
lams instance^ of preguanea occumiig after complete ovariotoraa, uhtcli, 
of course, would otherwise be ahMilutch impossible In adult bitches 
oaariotoma leads to a heightened oxutnbilita of tho sa-mpithetic nervous 
saetem (Iloskius and Uhccloii), this maa be the condition that causes 
the nervous and cuxulatora disturhances of tho artificial mcnopaiiso m 
women 

Ovarian Transplantation— £xpenmcn/af — In all species so far tried 
tho ovaries maa bo successfully removed from their normal position to 
other parts of the boda and coutiuuo to maintain their normal funttions 
for considerable periods Transplantation from one individual to another 
of tho same species appears to aield oiila n teniponra «iicci. s, although 
bteinach and Sand report grafting of oajries into castrated males, and 
testes into spaaed female piiiiea pigs, the transplants living niul func- 
tioning Jong enough to dcaelop female bcliaaior m the original males and 
male behavior in the original females AInr«hall nnd Tolla, avorking on 
rats, found that the transplanted oaarinn tissue e^liibitcd all the his 
tological features of normal ovarian tissue, except that the germinal 
cpithclnim aaas invannlla absorbed after a short tune In some cases 
other dtgeneratue changes took, place The stroma might remain nonnil, 
while all the follicles had disappeared, or the greater part of tlie graft 
might bo composed of luteal tissue alone A point of grcit importance, 
noted by these inaestigators, is that the ovarian transplant unilergocs 
the same cyclic changes as the normal oiancs In animals killed sliortlv 
before the breeding «ca«on, large follicles wore found in tho grift, a\hile 
a little later corpora lutea wen, present, showing that omlation had 
occurred m the transplant This has recenth been confirmed b% Moore 
on rats and guinea pigs ilfoorc hasalw succeeded tn grafting oianes inh 
normal males hai ing tniact fesfes The o\anan grift in the male become!, 
vascularized, grows and undergoes the normal cyclic changes In one 
case a homoplastic ovarian graft was fotmd healthy after fourteen months 
The longest time noted for a heterotransplnntcd ovary was six months. 
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Halban reports successful o\anaii transplantation in experiments upon 
laonkci s 

All workers m this field 8,jree on the mam points The ovarian trans 
plant, as long as it lives, maintains all the hormone functions of the 
ovaries in their normal position ThesiC functions arc, therefore, internal 
secretion processes, that is, primanU hnmoral, not nervous reflexes 

Clinical- — Ovarian transplantation homotransplantation and hetero 
traniplantation in women has been resorted to extensively in recent a ears 
mainlj to control the artificial menopause symptoms due to o\ariotomi 
or to atrophied or diseased oianc (Morris Glass, Dudlei Icrarner, 
Tufficr, Alartin and others) Clinical results have not been as uniformh 
successful as those on experimental animals probablj for these rea ons 
(1) In many insfances the ovarian graft was not normal to start with 
(infection etc) (2) In other cases the tatc of health and nutritive 
condition of the women receiving the graft were below par— ind this 
militated against a successful Uke ’ (3) Many surgeons have made the 
mistake of transplanting an entire ovary instcid of one or more small 
pieces of It The entire ovarv is so large that there will be autolvsis and 
complete destruction of most of the trmsplantcd orgin before blood vessels 
have had time to grow in to maintain its life 

As m the experimental work autografts have proved more u«eful than 
heterotransplants But Martin notes that cither tvpc of transplant may 
undergo cvstic degeneration So long as a sufficient quantity of ovanan 
tissue remains, the tnn>plant is able to sustain normal sex life mcluding 
menstruation But, at the best otamn tranxiilanto-tion for clinical jnir- 
pooes is so far only a temporary expedient The cause of the ultimate 
atrophy of the ovarian grah, once adequately vascularuod is not known 

Chemistry of Ovarian Extracts — The ovary produces in all prob- 
ability several hormones, but none of them has so far been i dated and 
chemically defined or detected in tbi Wood ilthough \ouitt claims that 
cows can be brought on rut bv feeding them milk from cows m rut 
hillio lias shown that the mature ova of certain iiiiertcbrates ecretc 
a substance which acta on the sperm to render it capable of penetrating 
and fertilizing the omra In the absence of this substance union of 
onim and sperm docs not take place This subst nice thus appears to act 
like the opsoniiis m pliagocy tosis Ihe substance is nimed fcrtilizin bv 
I^r Lillie It can bo extracted from the npc ova bv various means and 
thus shows some stability It is likelv that similar fertilizins have n 
role in the processes of union of perm and ovum m the vertebrate in 
eluding man but this hormone or socntion is obviously not concerned 
in the development and maintenance of sex life as npc ova are not present 
before adolescence, and after adolescence th<^ arc pro out only at definite 
periods 

Hermann reports that ho has i-olated a pcntaniinpho«phatid from the 
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preguancy does not influence the canse of the pregnancj or the subse- 
quent lactation But m mice the incidence of mammarj gland cancers is 
reduced bj ovanotom}, and spajmg retards the postpartum imolution 
of the iitenis Jloore reports that, in the guinea pig 8pa\ing of the 
^oung ammal leads to decreased growth of the h^pophjsis, the adrenals 
and the spleen, and a slight tnerease m the thyroid 

0\ anotomj in the adult and sraniall^ mature female leads to atrophy 
of the anatomical sex characters of the female, suppression of all «ex 
functions and most sex hoha\iors and, in women, to some of the mental 
and physical s^miptoms of the natural menopause, such as nervous and 
circulators disorders Tlie persistence of menstniation in women after 
8uppo«cdh complete surgical oaariotomv is obciouslj due to ocanan 
leinnaiits This is all the more evident since the clinical literature con 
tains instances of preg^anc^ occurring after complete o\ariotom\, which, 
of course, uoiild otherwise be absolutely impossible In adult bitches 
o^a^lOtom^ leads to a heightened excitability of the sympathetic nenous 
system (Hoskins and Wlicclon), (Ins mat bo the condition that causes 
the nenous and circulatorv disturbances of the artificial menopause in 
women 

Ovarian Transplantation — Expertmenlal —‘Jn all species so far tned 
the otancs may be successfully removed from their normal position to 
other parts of the body and continue to maintain their normal functions 
for considerable periods Transplantation from one individual to another 
of tho same species appears to y leld only a temporary success, although 
fatemach and Sand report grafting of ovaries into castrated males, and 
testes into spaved female guinea pigs the transplants living and func 
tioning long enough to develop female behavior in the original males and 
male behavior in the original females JTarshall and Jollv, working on 
rats found that the transplanted ovarian tissue exhibited all the his 
tological features of normal ovarian tissue, except that the germinal 
epithelium was invariably absorbed after a short time In some cases 
other degenerative changes took place The stroma might remain normal, 
while all the follicles had disappeared, or the greater part of the graft 
might be composed of luteal tissue alone A point of great importance, 
noted by these investigators, is that the ovarian transplant undergoes 
the same cyclic changes as the normal ovaries In animals killed shortly 
before the breeding season, large follicles were found in the graft, while 
a little later corpora lutea were present, showing that ovnilation had 
occurred m the transplant This has recentiv been eonfinned by IToore 
on rats and guinea pigs Uloore has also succeeded in grafting oianes into 
normal males having tntad testes The ovarian graft m the male becomes 
vascularized, grows and undergoes the normal cyclic changes In one 
case a homoplastic ovarian graft was found healthy after fourteen months 
The longest time noted for a heterotransplanted ovary was six months 
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Haiban reports successful oxanan transplantation in experiments upon 
monlejs 

All workers m this field agree on the main points The ovarian trans 
plant, as long as it lives, maintains all the hormone functions of the 
ovaries in their normal position These functions arc, therefore, internal 
secretion processes, that is, primarily humoral, not nervous reflexes 

Chntcal - — Ovarian transplantation homotransplantation and hetero 
transplantation in women has been resorted to extensively in recent vears, 
mainh to control the artificial menopause svmptoms due to ovanotomv 
or to atrophied or diseistd ovaries (iloms, Glass, Dudlej, Kramer, 
Tuffier, Martin, and others) Clinical results have not been vs uniformlj 
successful as those on experimental animals, prohibly for these reasons 
(1) In man} instvnces the ovarian graft was not normd to start with 
(infection, etc) (2) In other eases the state of health and nutritive 
condition of the women receiving the graft were below pvr — and this 
militated against a successful “take” (3) Many surgeons have mvdo the 
mistake of transplanting an entire ovvrj instead of one or more smvll 
pieces of it The entire ovary is so large that there will be autohsis and 
complete destruction, of most of the trvn«plantcd organ before blood vessels 
have had time to grow in to maiotain its life 

As in the experimental work, autografts have proved more useful thvn 
hcterotran<p!ants But Martin notes that either Ijpi. of iranspliut nit} 
undergo cjstic dOoCneration So long as a sufficient quantitv of ovarivn 
tissue remains, the transplant is able to sustain normal ex lift including 
menstruation But, at the best, oianan iransphniatten for clinical inir- 
iwes M so far cmli/ a temporary expedient The cause of tht ultimate 
atrophj of the ovarian graft, once adequately vascularized is not known 

Chemistry of Ovarian Extracts — The ovary products, in all prob- 
ability several hormones, but none of them has o far been i«ohtcd and 
chemically defined or detected in the blood, although 1 ouatt claims that 
cows can bo brought on rut bv feeding them milk from cows in nit 
Lillio has shown that tiie mature ovv of certain imortehratcs sicrctc 
a substance which nets on the sperm to render it capable of penetrating 
2 nd fertilizing the ovum In the absence of this substance union of 
ovum and sperm docs not take place This substance thus appears to act 
like the opsonnis in phagncvfo is Ihc substance is n lined fertilizm bv 
Dr Lillio It can be extracted from the npe ova bv various means and 
thus shows some stabilitv It is likely that similar fertilizins have a 
roll. 111 the processes of union of spirm and ovum in tht vertebrate in 
r iiding man hut this hormone or secretion is obvioiislv not concerned 
m tho development and maintenance of sex life as ripe ova are not present 

ore adolescence and after adolescence thev are present only at definite 
periods. 

Hermann reports that he has isolated a pint vminpho phatid from the 
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corpus luteum. He claims that injection of this substance into nmmak 
causes hyperemia of the uterus 

Seitz, V, intz and Fingtrhut report that they have isolated two phvaio- 
logically active substances from the corpus Inteum (11 a luteohpotd 
and (2) hpoprotein or kcithalbumm called hpamin Tlie\ state that 
the injection of the latter into animals stimulates the growth of the 
genitalia, while its injection into women suffering from amenorrhea m 
duces menstruation The luteolipoid on the other hind, is said to decrease 
the men cs, and therefore be useful in menorrhagia, especially the evees 
sue menstruation of puberty We may remark that these two bodies 
were not chemically isolated and identified and the clinical findings are 
not conclusive For example, the amount of the menses is not accurately 
determined According to the theory propo cd hv Seitz Wintz and Fin 
gerhut normal menstruation is a function of the proper balance of tbe 
luteolipoid’ and the ‘'lipamm’ secretions of the corpus luteum This 
seems unteaahlo for the following rea ons (1) Tbc«c substances were 
prepared from the corpora lutea of animals that do not menstruate 

(2) In women menstruation is usually suppressed b\ pregnancy despite 
the persistence and great deiclopmeat of the corpus lukum of pregnancy 

(3) Menstruation (or lut) may precede ovulation and hence may pre- 
cede the appearance of corpora lulea Doisy and Allen hue recently re- 
puted the isolation of a hormone troin the liquor foliiciili that appears to 
contml estrus m animals 

Specific Role of the Corpus Luteum — The sx a lite of the mature 
fiiamnialian female is much more complev than that of the male. ith 
It are associated ovulation gestation and the numng of the newly bom 
•A very complicated situation is the practical absence of menstruation in 
all mammals below the primates tile relative scantiness of men truation 
m all primates below man and the apparently serious symptoms asso- 
ciated with amenorrhea as well as menorrhagia m women It is possible 
that amenoirhea per se may not be serious but that the symptoms are 
due to the underliing causes that suppress the menses JEenorrhagia is, 
of course senous by itself in that it may produce anemia There is no 
question but that menstruation in women is pnmariU a function depend 
*ag oa the mature and normal oaary Does the fact that menstruation 
Occurs la women, hut not in the lower mammals, indicate a fundamental 
difference m oiarian physiology in the pnmites? The answer to this 
question J3 of fundamental importance to practical ovarian organotherapv 
as thp only available material lor such therapy is the ovaries of the lower 
luamnials &o far as wc know ovarian materials from the apes have 
“ot been tried, clinically 

The corpus luteum is a temporar> organ eMcntially of the mammalian 
®van but it is also present in birds The obvious parallelism of this 
organ with menstruation and prr^nancy has naturally directed eapen 



Fig 19 — Effect or Sp\tivo Gbovtr nr the White Rat Solid line represents 
control broken line repreMtits spayed rata of same litter (Hatai ) 
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injection? of fetal and placental extracts into virgins al o cause hjpcr 
plasia of tlie maminarj gland 

4 Experimental vork does not support tlie view of Frankcl that the 
corpus luteum induces or controls e tnim or mcnstniatiou as m some 
animals, at least the procstrons ind cstrous uterine hvpcrtima precedes 
ovulation and therefore takes place in the ab tnee ot coipora lutes in 
tic ovarj 

Alleged Antagonism between Testicular and Ovanan Hormones — 
While the sex lift espciiallj of the mammalian female is more complex 
than that of the male, the essential nature ot the sex urge appears to be the 
same m. both sexe? This would seem to indicate similar or identical sex 
hormones The sex urge and the development and maintenance of the 
secondarj sox characters depind on the ovaries and testes, and given 
the different (mbrvological substrate tor the characters it would setm that 
these might bo timulattd to normal development by identical hormoiica 
Recent experimental work docs not support this view The essential 
hormones of the ovaries and testes appear not onlj to Iw different, but 
mntuallv antagonistic, at least in certain stages of development and jet 
thev produce, directly or indiroctlj the same or similar mental states m 
main and female 

We have already referred to the work of Steiiindi Riddk ^and, 
lloore and others, of producing ‘ malencss in the female and female- 
ueas’ in the male bv changing the ^.onids or odmiinstritioii of gonad 
extracts of the opposite 8t.x But the mist signiheant contribution to 
this subject has b«n reported by Lilhe Lillies work was done on the 
freemartin The term freemartin’ is applied to the femik of hetero 
®exua\ twin? nf cattle It is well establish^ that such female? arc usuallv 
barren Lilhe finds that a twin pregnano m cattle is almost alwajs 
s result of the fertilization of on ovum from wch ovarj development 
begins separatelj m eieh horn of the uterus The rapidlj elongating 
ova meet and fuse in the msin bodv of the uterus at some time between 
the 10 millimeter and tbe 20 millimeter sti-,?. The blood vessels from 
oath side then anastomose in the connecting part of the chorion a par 
ticularly wide artenvl anastomosis develop? so that either fetus can lx, 
injected from the other The arterial circulation of each also overlap? 
the venous temtorv of the other, ao that a constant intcrJiangt of bkod 
takes place If both are males or both are females no harm results 
from this but if one is male and the other female the reproductive svstem 
of the female, especially the ovanes, is Ivrgelj suppns ed, and certain 
rnak organs develop m the female This is according to Lillip unques 
tionablj to be interpreted a? a rase of hormone action The ?tPriliz?tion 
of the feimk bv tbe male appears to be due to more precocious dcvelop- 
mont of tbe fetal male hormones There is no dominance of tcates hor- 
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montnl and clinical nttcntian to this organ as & factor of control in these 
procc««cs Tho TTork of FtanLcl, Mar«jliall, and Txicb appears to have 
established the following facts 



I The corpus Infoum is n«c san for uterine changes involved in 
the jmpHntntJon and carfv stages of growth of tbo fertilized oiiitn. 
Oiariotomi or destruction of the corpus lutciim hi cauterj in carljr prog 
mnci (first few dnia or weeks, the time virsing m different species) 
invariabh terminitea tlie pregnanes AVhen the corpus luteum is de- 
sfroved or the manes remmed later 
the course of the pregnmev or the 
hjpeTtrophv of the mammaTy gland 
13 not iiittrfcrcil with The latter 
statement is nI«o confirmed bv clinical 
results Ansel and Boiim, and 
ospcciallj Lck b, hnie shown that these 
changes in tbo uterus mdiiced h\ mu 
htion and the corpus luteum do not 
appear to depend on the fertilisation 
of the ovum 

It imi«t bo remembered, however, 
that there is some hipertrophr of tho 
ovarian stroma pat'illel with the 
development of the corpus luteuta of 
pregnanev, and from the further fact 
that the luteal cells are derived from 
(lie stroma, there remains the possi 
biliti that the stroma cells share in 
the nbmo rule of tho jeWow bodj m 
carh pregnnncj 

2 The corpus luteum of pregnancy appears to dela^ tho maturation 
of tho ma, thus prciontiug ovulation This is probably not entirclj a 
local action on the ovnrv, for a ■wclt-dmidopcd corpus luteum on one 
ovary appears to be able to inhibit ovulation in the ovarj of tho opposite 
side Pearl and Surface report that administration of corpus luteuni to 
hens causes a temporary inhibition of ovulation 

3 Tho corpus Jiiteum appears to plaj a part in tie hyperplasia of 
the mammari gland that occurs dnniig pregnancy (Ansel and Bouin, 

O Donoghiie, Hammond and jUarshnll, Ott and Scott) 3t la slated that 
if the graafian follicle of a virgin rabbit is ruptured by mechanical means, 

that a corpus Intcutn is formed, hypciplasin of the mammary glands 
IS produced, and al«o that administration of corpus luteum to virgin 
animals induces hyperplasia But the situation is complicated by the 
findings of iliss Lane-Clavpon and Starling, and of Aschner, that similar 
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mjpctions of fetal and placental extracts into virgins also cause In per 
plasia of tlie mammary gland 

4 Experimental work docs not support the view of Frankcl that the 
corpus luteum induces or controls e tmm, or men«truatiou is m wime 
animals, at least, the proestrous and e»troii3 uterine hvpereiina precedes 
OTulation and therefore takes place in the absence of corpon lutea in 
the ovarv 

Alleged Antagonism between Testicular and Ovarian Hormones — 
While the sex life, especially of the mammalian temale is more complex 
than that of the male the essential nature of the ••ex urge appears to be the 
«ame in both sexes This would seem to indicate similar or identical sex 
hormones The sex urge and the development and maintenance of the 
secondarj aex characters depend on the ovaries and testes and given 
the different emhryological substrate lor the characters it would cem that 
these might he stimulated to norma) development by identical hormones 
Pocent experimental work docs not support this view Tbo essential 
hormones of the ovaries and testes appear not only to he different hut 
mutually antagonistic, at least m certain stages of development and yet 
they produce, directly or indirecth, the same or similar mental states in 
male and female 

have already referred to the work of Stcinaeh Piddle Sand 
llnore and others of producing malcness in the female and female* 
*if^s in the male bv changing the gonads or administration of gonad 
extracts of the opposite sox But tlie nn* f significant contribution to 
this subject bag been reported liy Lillie I iHic s work was done on the 
freemartin The term ‘frevraartin is applied to the female of hetero 
sexual twins of cattle It is well establish^ that such females arc usualK 
barren LiUie finds that a twin pregnauev in cattle is almrst alwavs 
a result of the fertilization of an ovum from each ovarv development 
begins «eparatelj m each horn of the uterus The rapidlv elongating 
OTa meet and fuse m the mam body of the uterus at some time !> tween 
the 10 millimeter and the 20 millimeter stage The blood vessels from 
each side then anastomo«e in the connecting part of the chonon , a par 
tioularlv wide arterial anastomosis develops so that cither fetus can hi 
injected from the other The arterial circulation of each alva overlaps 
the venous temtory of the other, so that a constant interchange of blood 
takes place If both are males or both arc fcmalt?3 no harm results 
from this hut if one is male and the other female the reproductive system 
of the female e«peciallv the cranes is largely suppressed and certain 
male organs develop m the female This is according to Lillie unques- 
tionably to be interpreted as a ca^ of hormone action The sterilization 
of the female bv the male appears to he due to more precocious develop- 
ment of the fetal male hormones There is no dominance of testes hor- 
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niones o\ct o\anan horraoHcs after or in flduUo At an^ rate 
ifoorc reports (hit snctcssfn! testes graft m fomlr rats does not influence 
the ovaries m tho set life (nit, pngoanc^, lactation, etc.) 

If thcso ohsenntioiis and interpretations of IiHio on. confirmcil and 
cTtended to other animals, \ic liato the oxtnordinnr\ fact of the de\ilop* 
jnent of specific gonad horraonts Ixfort tho gonads ha\c utidcrgont. nij 
apprcciablo differentintjon If tins shall pnne to he the ca«c, th'sc hor 
moncs cm bo produced b\ nothing else than the prnintiic gerra cilh 

\\o hole evidence that other endocrine glands (pmerns, thyroid) 
assume functional import'ineo somctioKS durn^ jntni uterine lift, but 
tho olter nations of Lillie place the begiiming of fital honnoiie cipiilibrtum 
tarlitr than hitlurto thought possible It also raises the ipiestion of the 
c'ichangt of gonad lionnoms hetneen the fetal and the nntenul Hood 
Tilt bearing of a male ehild obuoush docs not inilucna the six life 
of the mother I illio s interprttolion of the gentsis of tlio freemartm 
IS called m question bj tho condition of true hcnnaphrodism — ovaries 
and testes lx mg present m (ho aaino mdmdvnl, or testes being present 
with tlie gtcoiidnr\ six character of the fcmnlu and vice sersi In tin. 
lower ammaU wlio nomianv hnrlior loth ov'vr\ and Ustes (ovo-tcstis) 
m the sxiiio individual or whoso gonads mav produce sprm during one 
period and ova at another period, definito secimdnrv sex thancters art 
usually absent 

Experimental Administration of Ovarian Extract — We han seen 
that oomplet cxtirpition of the ovaries leads to ntroph)* of the nltnis, 
uiammarv glands and other set cliarocfers Tlie>t an auatouiuil v»r 
objective thunges that nnj he aecurnftlv imssured It would tin n fore 
seem that it ought not to b«. diihciilt to decide whether ovarian ndmiins 
tration is cap ible of preventing or diininidiing thc“c ilTitts of ovnriotoiin 
Jvtvirtlieless tlit hit rihiro is conthctiiw: ftntziiir and lltutiicr and also 
Canaichsvl and Alarshall efxtt that ovanan administration fails to pre- 
vent tho atrophv of tho uteni** Okmehite claims, on the oilier bind, 
that tin uti nne atrophy following spvvmg is pnvtntvd b\ uijettioiis 
of extracts of the entire ovan, bj cxtrivts of the follicular tissue, end bv 
extracts of the chorion, but not bv extracts of tho torjnis Jnltinn. Tiic 
corpus lutcum of pregnane^ inhibits ovulation, but ndniinistntion of 
luteal exfraifs docs not inhibit ovulation (Oonur) 

Various toxic effects have Ken observed from injections of ovarian 
extracts (for examph distnrbineeof calcium and phosphorus juctabolism) 
particularh m prtgnmt aiiimais Ssolovitv reports that corpus liitiiim 
and ovarian extracts ndniinistcixd subeiitaneonslv to Inctntiiif, aniinaU 
cause mereased sceittion of inilk xiid at the eainc time general dcMcriotis 
effects lending to death of the animals These injections are said to bo 
non toxic in non pregnant and nonlactiting animals This aution of 
ovsnau extract on tho inammarj gland was also noted bj Ott anJ Scott 
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ilickenzie reported that it is ibsent from eTtncts of ovarip lontaming no 
corpus lutciim 3 lie sub«tauce must thcrctore, be a product nt the latter 
orgau This gland action of 

pituitrin, not a true secretion of milk 
but the stimulation of the smooth muscle 
in the walls of the mammarj dveoli thus 
CTppllmg the milk thit has alreaJi been 
formed (Schafer) 

Itagaki a pupil of Schafer reports 
that extracts of the hilum {inter titul 
cells) of the o\ary depress tho tone ind 
contractions of the uterus Extiiita of 
the follicular tissue and tho liquor 
folliculi itself, produce im.rei<*e<l tone 
and tronger contractions of the uterus 
Wliether the'C substances ate artefacts 
or normal products assuming a role in 
life for example in the uterine cramps 
of painful mi nstniition is an important 
practical question that calls for specd> 
solution kctordiiig to Sick corpus 
luteal tissue added to the food of rats 
tends to produce adipositv Fichcri stites that the enhr,.emeiit of the 
hipnphj IS following spajing is prcreuteil by oianan feeding 

Therapeutic Use of Ovanan Preparations — At present tho use of 
oiarun preparations as or^, inothcrapcutic agents is confined to gjne- 
cologv, and their detailed discussion properly belongs in special works 
on this subject But it is possible howe\cr that with increasing knowl 
edge of the relations of the&e glands to otlier organs of intemal ccretion 
they acquire importance in connection with general internal medicine 

Tho definite conditions where the oxansii organotherapj might pro\e 
u eful are infantilism in girN and the menopause artificial and phjsio 
ligica], as these conditions are dearly due to oyanan hypofunctmn 

3ram writers repjrt fyyorable results in menopause cases The 
attauks of giddiness trembling palpitation, flushings sweatings and other 
iienous and yasomotor disturbincos are reported to be much reduced 
in number and eyeritv or to haye cessed entirely in some cases The 
l>est results aro obtained m cases of postoperativi, menopause especiallj 
m young ivomeii RcUp ys are said to occur after stopping the treat 
nipnt 'Miiij Cl es Inye been reported m which the results were negi 
tuo, and m sime of those with improyement su^ge tion mav have been 
an important element The roost judicial and convincing clinical contri 
lution to oyarian therapy in retent jears is that of ’Soyak On tli< 
basis of his own extensuc clinical experience as well as his cntical analysis 


corpus luteum i like that of 
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of tlio littrUurc, No\ak concludes thit, to date, climcnl ovarian organo- 
tlitrajn 13 purtl} oxpcrunenlal , that ialtng the natural history of hypo- 
oiarian disorders into ro»sMfrmtion one cannot say as a proifd fact 
that oianatu adimmslration has had any beneficial effect apart from 
the element of suyyestioiu 

1 xccptnif. tlio intnop pmcticnll^ nil tlic di«onlcrs of sex life 
of \T 02 ncn mi} bt diit. to cinxcs otlier flinii 0 primary ovarian defieicnev, 
«o that the use of ovarian pnpamtioiis in all of tlic«o conditions is at 
pre cut largih cinpincil, both bccnii«c of the unccrtnintics of diagnosis 
and hocui«o of the iincertamtv ns to the kind of ovarian tlicrapv indicated 
As Alar«hall lias apth nnnrked, would «ccm unreasoimble to expiit 
to obtain iinifonn results from the indiscrimuntc u«es of ovaries m difFtr 
ent St igvs of vvclicil nctivitv, for example, oearus with prominent follicles 
like tlios( from animals in heit, or ovaries with corpora lutea like tlio^e 
of pre^mnt animals or ovnnes in a state of relative quiescence like 
tlio«t of nnestroMS luuimls* And it must not be forgotten tint ovnrns 
of nnnv of the lowir iimmals ol«o dilhr markedly from those of nnn, 
in nccordinco with tlu ditrireiicos 111 the sex life lor that ren«ou ovirnn 
imttrnl from the apes should be given a tlionnigh tnnl Some of the 
conditions in whicli ovarian medication Ins been trietl, with vnrving 
deenca of siuccs* aro lufaiitilism, nmvnorrlni, dysmenorrhea, stcnlitv, 
reptated ahortinn, livpiniin an gravidarum, toxemia of pngiinncv, pnin 
tua vulvte, deficient milk sttretion \\nt«ou nports that bo has rarely 
seen any good itTitta from ovarian extracts m am of the 0 conditions 

In rtveiit vein, followinc tho work and thrones of Fnmkcl, the 
corpus lutenm, or extracts of this orgiii, has Inrpelv replaced the extract 
of fhecntirv ovnrv in the thernpv of ft male sex disorders Hits is uiifnrtii 
iiate as Iraiikcl s tlieorv is, at loist in pirt, untenable I rom extensive 
studies on tho guinea pig loo loch concludes that the presence of a 
functionating corpus Intcum is necessary for certain of tho evchc changes 
in the uterus, for other ntirine changes the nb'tenco of the vellovv bodv 
IS neccssarv, wink for still other phases of the evchc uterine changes 
other ovarian structures (probiblv luntun, follicles rather than tiic so- 
called interstitial cells) an required I5nt, prncticallv, it may make 
little difTercncc, ns it is not likely that any dnig maiiufnctunr is so 
careful that all ovarian stioma and follicular tissue arc exdudevl from 
his luteal preparations 

Clinical exptrunce, however, has not been uniforqi Frankcl nports 
more or less favorable n suits in distiirlmms^ports t mcnopanse, etc, 
but the drug had no effict on dy xmenorrheu, <),isl\ to ‘ 'b 

the intoxications of pregnancy ^ same tim 

Recently it has been especially reej Xlie '' - 
and seantv menstruation, and when jiactnt 
may be due to this insufficienq. 
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strual flow, and to prevent nervous conditions uccompanMug their func 
tiona! deficiency 

Krusen states that m so called oaanan msufiictencj improiement usu 
allj follows corpus luteum sdmiuibtntion if persisted in tor a long 
tune Bumam reports good results from corpus lutcnni „!ven mouth 
m menopau«e, functional amenorrhea m jouag women sterility and re- 
peated abortion Bumam states that corpus luteum doe's njt induce men 
struation in the complete absence of the ovaries This is contradicted 
by Donnereuther (one case, no control) This authoi using the corpus 
luteum of pregnant cows, reports unitormh good results m menopau e, 
functiunal amenorrhea and dysmenorrhea stcriLitv not due to infection 
or mechanical defects, hyperemesis in carU pregiuiic\ repeated abortion 
uiurasthenic symptoms during menstruation ttc ( nlbertson reports 
good results from corpus luteum feeding on the vasomotor disturbances 
of the menopause Other cIidicisds report negative or indifferent results 
from corpus luteum therapy m all ol these conditions Halche states 
that in dvsznenorrhea long continued im of thvn id gives better results 
than preparations of the ovarv In Franhel s bands corpus luteum gave 
i^ults only in menopause ca«es Leighton states that a small numln r 
of cases of dysmenorrhea, presumablv due to ovan'in bjpoiunction, are 
improved bv giviii^ corpus luteum 1 > to 20 ^^raiiis p»r dav, for a long 
time In some instances this mcdicatim caused tro intestinal dis 
orders, but no other untowarl effect Aicordmg to Climtiiko corpus 
luteum extracts do not act as hormones and cannot tako the place of a 
functional corpus luteum He thinks these cvtracts mav stimulate an 
intact but hjpofunetioning corpus luteum 

In View of the fact that so many phvsiciam have reported good results 
from corpus luteum therapy in the amenorHiea of adolescence v\c were 
struck by the recent paper of Landsberg m which he claims to hive cured 
seven cases of menorrhagia of adolesunce by a corpus luteum pnpara 
tion It would thus appear that the very opposite conditions amenorrhea 
sud menorrhagia, are both controlled by the same a^ent, corpus luteum 1 
It 13 probable that the luteal therapy has no causal relation to the iiu 
provement or cure of either condition as there is no evidence that the 
Jellow body influences menstruation except directlv through its inhibitory 
control of ovulation At any rate we must conclude that so far medical 
science Las failed to reproduce (experimentally or clinicalh) bv luteal 
extracts the effects produced by the intact corpus luteum The intact 
corpus luteum inhibits ovulation, luteal extracts do not 

Causes for Failure of Ovarian Therapy — ^These art probably complex 
'*e mav destroy or lose the ovarian hormones in the preparation of the 
^bstance as in the degreasing process of preparing the ovarian extracts 
I'c powder The hormones may he destroved m the alimentary canal 
fail to bt absorbed There are indications, for example, thit the gonad 
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Iiormones do not pass tijrongli rtie plaeentn FinalJ^, it niust e^er be 
kept in mmd that practioall) all the disorders of the sex life of ^\omcn 
mav have their initial cause outside of ovarian hjpofunction It 13 
well established that amenorrhea maj come os a result of quantitative 
and qualitative undeniutntion, aiumia, chronic infection, 1 jpotlnroidism, 
and possibly from hvpQpituitnn«m This ma^ seem to be an argument 
for polyglandular orgvnotlierapv in disorders of sex function m women 
But, because of the failure of ovarian tlierapv in frank or certain ovarian 
hjpofunction, there seems to me no good reason for adding ovarian extract 
to thyroid extract in our endeavor to rttstahlisli incnstniation suppressed 
by myxedema 

Methods of Preparation and Administration — The ovarv (usnallv of 
the cow) has been administered by mouth in the fresh and dried state, 
and in the form of various extract*, both orally and subcutaneouslv At 
present it is most frequently fed m the form of the dried fat free powder, 
m doses of 0 0b to 0 5 grim (1 lo 8 grams) or more three or more 
times a dav As it sometimes eauscs disturbances of digestion, its use 
mav be mtermpted at times 

The dried gland is frequently administered in the form of tablets, 
tho designation of (he viei^its of (he commercial tablets is as lacking 
in uniformity as in the case of (liv'roid tablets 

The dried powdered corpus Intuim (also called ‘lutein”) has been 
administered in doses of VI 2 grains (0 03 to 0 12) or more, three 
times a dfiv It lias been used in the form of various extracts ■\fai(8 
used a sterile 1 per cent extract of tlie corpus luteum in normal saline 
solution injected subcutaneouslv m doses of 10 c c 

No clinical progress can be cxptctcd from further u«e of commercial 
preparations until methods of chcmicd and phv’iological standardization 
of ovarian products have been worked out and applied 

SvuMoJtY 

1 The ovaries produce several phvsiologicallv important substances 
or hormones, none of which have been isolated and chcmicalh defined 
There is no reliable evidence tint anv or all of these hormones are present 
in any ovarian extract so far made for experimental oi therapeutic pur 
poses The development and maintenance of the secondary sex characters 
of the female is clearly a function of tho ovarian stroma and possiblv 
the immature follicles The initiation of otruation or rutting is evi 
dently a function of the mature follicles pnmarilv The corpus luteum 
vs essential for the processes of the early stages of pregnancy It al«o 
retards the maturation of other graafian follicles thus preventing estniro, 
raenstmation, and ovoilation during pregnancy The ovarian hormones 
thus control, in part, the activity of the ovaries tliemsehes, and the 
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specific sex functions of distant organs sucli as the uterus the placenta 
and the mammary glands 

2 The menopause sjTidrome, natnral and artificial is primarily due 
to ahsenee of or hjpoftmction of the cnanes All other disorders of the 
«ox life of ivomen maj be due to complications outside the ovaries Some 
of these complications involve other endocrine glands notablj the thyroids 
possibly the hypophjsis and the adrenals. In these conditions diagnosis 
IS frequently uncertain, and, nnle s the malady is cleaily due to ovarian 
hypofunction, ovarian organotheiapv cannot he expcv-ted to yield results 

3 In the present state of ovarian phvsiology organotherapy of the 
natural and artificial menopause should be undertaken with the extract 
of the entire oiary rather than with corpus luteum preparations, as the 
rule of the latter organ concerns some phases ot the earlv tages of preg^ 
nancj and suppression of ovulation while the other oiarian tissues sustain 
the fundamental processes of sex life 

THE FETUS AND THE PIJtCENTA 

Chemical auhatances or hormones vielded by the growing fetus (and 
possibly by the placenta) to the maternal blood appear to control the 
hyperplasia of the mammary gland during pregnanev even to the point 
of actual initiation of the milk secretion (LaneClaypon and Starling 
Aschner) This is probably the normal mechanism, although there are 
cases on record of mammary hyperplasia and milk s^cTctlon in adult 
Migins and even in males But there is no practical therapeutic applica 
tmn of this fact, as there is no reliable evidence that feeding placenta 
or fetal extracts will improve the quality or quantity of milk in nursing 
mothers (Hammet and MeNeilc) or deielop the breasts in cases where 
this may be desired for cosmetic reasons A^hner reports that placental 
extract causes ovarian hyperemia, uterine congestion and hyperplasia 
hence he suggests the use of placental extracts m amenorrhea and stenhtv 
^ an Iloosen Cornell and Hamoict have reported that daily feedings of 
dried placenta to mothers during the firat few iveeks of lactation lead 
to increased growth of the nursing infant They conclude from this that 
the placenta produces a growth stimulatmg hormone, and suggest that this 
hormone mav he a factor in the growth of the fetus The results reported 
hi Hammet, even if corroborated, mai he due to dietar\ factors also found 
in other tissues 

Smniuti 

There is at present no reliahle evidence that the placenta secretes a 
hormone or hormones having useful or important actions on the mother 
Of the fetus actions that can he duplicated by feeding placenta Hence 
i^iere 1^03 yel no placental organotherapy 
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THE MAMMARY GLAND 

TLo maminarj fehnd is an ot^ii found onl^ m tlie highest group of 
icrtel>rate«, niduiiratan m the nnJe, and in fho ftmile nctue oriH for a 
certain period after parturition It is not liUl^ that on organ so limited 
in its distribution and actnit^ has itself aii^ important influence on the 
Mtal processes of the mammalian fiinalc The import int problems m 
iinmnnr^ glmd plnsiolo^i arc the diet ir^ and Iioniiono incchamsni of the 
gestation Inperpl isia and tln> po tpirtiim imlk secretion 

Hurt IS not imicli eiidcnoc that the inainmar^ gland produces an in 
tcrnal secretion, hciond the fict that, in women, jncnstrnatioii is iisnalli 
m alliance dnniio the heioht of hctation, but in otlier inainiinls hiat 
or estruatioii appears shortly after pirtiirition ilicre is, howeier, some 
tMdoiico that It contains substances winch lm\c effects (probabli not 
specific') upon inetiboli«ni llnis Hunt reports tint, when mainman 
gland IS fed to animals, it eaii-es changes in metabolism analogous m 
certain respects to those caused In thxroid feeding 

Complete rtmoial of the inaminar> gland m the adult female is not 
known to produce. an\ but psvehic and co«inetic efTeets Iho enmplcte 
remoinl of tbo mainmar\ ^.lands m ^oung fi males is said to ntird sexual 
inaturita and the growth of the utems (^licrbik) Put such mutilated 
females become preginiit and gut birth to aoung as under normal eondi 
tioris Xnrsiiig hastens fho iniolufion of the ntonis (rat, guinea pisr) 
This elfect is produced eaen after spating (Knramitsn and Totb) Ihis 
mat be roerelj an effect of the increa<c<l motabohsm in comicetion with the 
actuo lactation 

Injections of mammary gland extracts arc end to retard the deielop- 
inent of the otarics and the exlemal ginitalia (Scliiffmann and \ j state!) 
According to Adler thej inhibit heat and conception, md m grand 
animals can e abortion 

According to Oabomc, Iiincz and others, munmart gland extracts 
decrease uterine hemorrhages Scaenl authors (Bdl Fedoroff, Sickert 
schiants) report the euro of uterine fibromas and mjomas bj these injec- 
tions t Scliheim proposes the remoa il of the mamniart gland to cure 
echmpsii’ Hammct gucssc* that stimulation of the breasts rclci es 
mammar-y hormones into the blood, hormones that cause contraction of the 
uterus! Healj anclKistle su^st that a mammary hormone is responsible 
for the initiation of labor! 

Mackenzie claims that the mammary gland contains a tnie galacfa 
gogue or milk producing hormone This would be of great clinioil im 
porlance, if true, but Gayiii contradicts it squarth, and, m tlit light 
of Gaines’ work, the results of Mackenzie ire in all probibility erroneous 

There is no reliable eiidence that the mammary ghnd is an enJoerme 
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orpin, or tliat fcedni^ inarninir\ gland s.ubs.tance prodiues an' specific 
or useful effects in liealtlx or disease Ilenre there ts no ratioml or useful 
organotherapy of ike mammary gland at presint 


THE TESTES 

Physiology — Xhe testicles, it least of the hinlier vcitcbratcs eontiiii 
two distinct types of cflliilar elements ln\iii„ evidently different fiinc 
finns (1) the interstitial cells of Levdi^, ind (2j the sperm \tiij,onn, 
vihicli develop into spcrmatnaoi The roh ot the permitngonii and 
spcmntozoi is cleir, inmelv the Icitllizvtion ft the funalc ovum This 
fertilization invoh(.s two factors on the pirt ot the milt ti<mcnt (1_) a 
timnlus to dtTclopmcnt of the ovum lud (2) a vehicle of paternal 
heredity In performing the t fnnctioiis the spermatozoa act, from the 
point of view of the male as an CTtcrnal sttrotion 

Jiiimcrous attempts have be<u mide to isolate the substances m the 
spermatozoa concerned in tlic c two luiictioiis In tin cast ol somo of the 
Inver animils various extnets of the perm ire rtpjitel to induct develop 
ment in the ovum, but there is no cvidcnco tbit tht pitcmil bertditarj 
factors can be conveyed to the ovum by bathing ibe ovum in sperm 
extract 

The intorstitnl cells of Lovdig, varv ^oitlv ns rt-,ards relative abuu 
dance in tht testes of different spttie Thtv arc «i«itt ibiuidint in man 
In embryoiiio development the interstitial cills anted itc the pormstogoiin 
In animals sliouino scasonil pcnodicitv m sev activitv the interstitnl 
tells appear to bo more abundant dunog, sexual rest than during the 
Ffiod of rut (Tandler and Gross) The interstitial cells exhibit grcitcr 
resi tance to various agencies txposure of the testicle to the Xnvs 
bads to degeneration and atrophv of the 8pcrmitOg,oma before that of the 
interstitial cells In testicle transplants, in the condition of crvptorclnd 
ism, and after ligation of the vis deferens the cells of Lcvdig persist 
apparenth in norniil condition long after ntrophv of the «pcrmatogoiui 
Ihit recent work of llnore on rats md gurnet pigs seems to show tbit 
ligation of the vaa does not always induce atrophv ot the seminiferous 
tubules 

Influence of Congenital Absence Atrophy or Extirpation of Testi 
cles — The effeets of cvstration have been known for a long time through 
Its extensive prictiee in niimal busbandrv and on liovs and men for rt- 
hgiovis ind social purpo es III V viiou lountrics 'Removal of the te«ticli3 
111 the voung vortcbrati in lit his the following effects 

1 It prevents the divelopment of all tlie sccondarv male chiracters 
(penii prostate ghnd beard mile lanmx, mile skeletal cluracters km 
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THE MAMMARY GLAND 

The manunarj ghnd is an oigan found onl> m tlie highest group of 
icrtebntc , nidiiiicntnn in the imle nnd in the fimnle actue oiih for a 
certain period after parturition It is not likcK that an organ so limited 
in Its distribution and ncti\it\ has itself aii\ important influence on the 
antal processes of the miimnahan ftraalc The important prolliins m 
in unman ^,1 ind plusiologv arc liit dietary and lionnono mcehaiiism of the 
gcstition hipcrphsia nid the po tpartnin milk sccrttion 

Then. 13 not imicli ciidencL tliat the iiiunmar> ^liiid pnidiiccs an in 
tenii) seertfion beiond the fiet that, in women, nicn«triiitioii is ttsnalh 
in ahta allot duriiip the hci.,ht of lactation, but in other mammals lit it 
or c*>tnution appears «ihortl\ after parturition There i<, howtier, ome 
evidence that it contains sub taiiccs which liaie effects (’probihU not 
specihc) upon inttabolism Thus limit reports that when mamraan 
gland 18 fed to animal«, it caii«<9 chances in metabolism analogtm in 
eertam respects to those caused bj tliaroid feeding 

Complete rcmoaal of the mammary gland in tiie adult female is not 
known to produce aiij hut psaclnc and cosmetic cffcLts The complete 
icmoial of the mammari glands in aoun^ females is said to retard nsuol 
matnnti and the growth of the utems (Scherhak) Bnt such nintdated 
females become preginnt nnd giae birth to joung, as under normal coudi 
tioiis ^lursiiJo hastens the imoUition of the uterus (rat, guinea pig) 
This effect is produced even after spaaing (Knriinit''U nnd Loch) This 
mai he mereh an effect of the increa«c«l metabol isin in councctiou w ith the 
actne lactation 

Injections of mammary glind extracts are said to retard the develop* 
meut of the oiancs and the extenni genitalia (Scliiffminii and \ isfiveJ) 
According to Adler thej inhibit heat and conception, and lU grivid 
animals cau«e abortion 

According to O bonir, Liincz, and otlien, mammary gland extracts 
decrea«e uterine hemorrhages ^eieral authors (Bell, Fedoroff, Ifekcrt 
schiantsl report the cure of uterine fibromas and nnomas b\ these injec- 
tions 1 Sclllieim proposes the I’emovil of the mamman gland to cure 
eclampsia' Haramct gutsses that stimulation of the bruits nleises 
mammarj hormones into the blood, hormones thit ciu«e contraction of the 
utems ! Healj and Ivastle suggest that a mammnrv honnoue is responsible 
for the initiation of labor? 

ilaekenzie claims that the mamman gland contains a tnie galacta 
gogue or milk producing hormone This would lie of great clinical im 
portance, if tme, but Gaim contradicts it squared, and m the light 
of Games’ work, the results of MaiAcnsie are in all probability erroneous. 

Th< re is no reliable e\ idence that the mammary gland is an endocrine 
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menopause in 'Women There js no reliaWe evidence that castration 
shortens the span of life or meisurxblv impairs the indniduals phvsical 
and mental efiicienej Senescence m the male is thcr ton not a direct 
consequence of hypofunetion of the testicles but the ri iilt f ape im 
painnent of all the tissues 

On the basis of eatensne studies on the effects “tf ^oindectomv in th» 
rat Hatai concludes that ‘ the parti>tl removal of the si s U iiid» docs not 
produce anv significant alterations in anj of the dii tl»«3 phnds asidi^ 
Irom a general tendenev to a slight increase Apparenth tin increase in 
the Tpmaming gland is sufficient to compensate tor the functions of the 
lost gland ’ 

The total removal of bck glands, however indtuis altirations in all 
the other glands particularl> in the thvmiis and hvfnipln is ilie supra 
renal glands show opposite reactions jn the two sexcs In the ca e of the 
males, the suprarenal glands diow an increase of 1 p r cent while in th 
female there is a 20 per cent reduction 

The total rt mov al ot the se^ glands tends to iiu re ise the re emblancc 
between the two sews or, in other words to reduce tlu differeuees in tho e 
secondarj characters which, m the normal animal art modified aaording 
to sex.” 

Punetton of IntersUtuI Cells — The following facts «pcm to hove tint 
the derelopment and naintenancc of the ex life in the vertebrate male is 
primarily a function of the interstitial cells 

1 In ervptorehidnm there mav be complete atrophv and ab«enee 
of spermatozoa and apennatogonia, but, if the interstiti il cells are pre*! 
®ot, sex structures and sex functions remvm uormal These males are 
of course sterile 

2 After ligation of the vas deferens the spermatogonia suffer gradual 
and finalH complete atrophv hut as long as the cells of Levdig are 
mtact sex life remains unimpaired Extirpation of such modified testes 
brings on the usual sequelie of castration. Stcmach claims that ligation 
of the vas induces hvpertrophv of the Le'dig cell* 

3 Testicular transplants maintain sex lifi as long as sufficient quan 
htj of tho interstitial cells continues to live irrespective of the degtntra 
tion of tho sperm producing elements, and extirpation of such partiallv 
'fegenerated grafts brings on the tvpical sjinptoms of castration 

The control of the sex life of tho male bv the cells of Te>dig is e\i 
a Immoral one as a denervated testis and a te ticular transplant 
in another organ and thus outside of its nonnal sensory nerve relations 
fitiicfions for a time like a normal testis except for fertility This is 
indicated hv the fact that men with complete transverse lesions of 

spinal cord, providid the trauma is not great enough to cause mirked 
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and feather colors, honis, etc) In gome of the invertebrates the castra 
tion has no effect on tlie bod^ male chiractcrs In species where horns 
are not a sc^ character, castrition his no effect on tlie liom growth 

2 It delays the ossihcition of the long bones, and tho union of the 
sutures of the skull 

3 It leads to certim changes m the endoenno ghnds, the most 
notable being the cnhrgcmont of the hvpoplnsis, ind the adrenal cortcT, 
and the retarded involution of the tlijmiis The growth of the thvroid 
is Slid to be diimnished But Moore lias recently reported that castra 
tiou in the voung guinea pig decrenses the growth of tho hvpophvsis, the 
adrenals and the spleen, and causes increase in the size of the thj'Toid 
Evidenth this aspect of gonad function requires further investigation 

4 The rate of mctaliohsm is somewhat lowered, with a tendency to 
adiposity, vasomotor irritahilit} (sympathetic system) is said to be 
decreased 

6 The most notable mental change in tho castrated male is absence of 
tho boldne«s, pugnacity, and viciousness of the normal male, particularly 
during the breeding season In this respect the castrated male may be 
said to resemble the child or the female This compansou must not bo 
carried too far Hikmet and Rcgnaiilt say of the eunuchs of Cnnstanti 
nopie that “thev arc avaricious, stupid, credulous, illogical, obstinate, 
fanatical, fond of children and animals, faithful in their affections but 
lacking in courage” But the reader will admit that this chanctenza 
tion will fit many a man with intact and normal testicles 

6 There is little or no development of the sex urge in its various 
manifestations 

When the testes are removed in the adult male tho most notable 
changes induced aro 

1 Sexual impotence and diminution or lo^a of sex urge 

2 Tendency to atrophy of the eecondarv male characters 

3 Lowered rate of metabolism and tendenev to obesitv 

The striking specificitv of the influence of the testes on organs is 
shown in the case of the growth of hom« Homs are modified skin struc- 
tures apparently identical in all mammals having these organs Never 
theless in species where the boms constitute a specific male charictcr, 
castration prevents their development while m the species where the 
horns are common to both sexes, castration has no effect on their growth 

Thus we see that atrophy or extirpation of the testes leads to impair 
meat and final loss of all structures and functions specific for the sex life 
of the male, but it does not bring on any eenous disturbance of other 
functions There are no sequelae comparable to those of the artificial 
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and feather colors, horns, etc ) In some of the inMrtehrates the castra 
tion has no effect on tho body male characters In species where horns 
arc not a sex character, castration has no clftct on the liom growth 

2 It dclajs the ossihcation of the long hones, and tho union of tho 
sutures of the skull 

3 It leads to certain cliangcs m the endoenno glands, tho most 
notable being the cnlargiincnt of the hjpoplivsis, and the adrenal cortex, 
and the retarded iii\olution of tlie thymus TIic growth of tho thyroid 
18 said to he diiiiinished But Moore has recently reported that cistra 
tjon in the ^oung gniinei pig decreases the grouth of tho Inpoplneie, the 
adrenals, and the spleen, and causes tncreat>e in the sizo of tho thyroid 
Evidently this aspect of gonad function requires further in\csligation 

1 The rate of metabolism is somewhat lowered, with a tendency to 
adiposit> , aasomotor irritability (sympathetic system) is said (o he 
decreased 

5 Tho most notable mental change in tlie castrated mile is absence of 
the boldness, pugnacity, and viciousncss of the normal male, pirticiilarlj 
during tho breeding season In this respect the castrated male may be 
said to resemble the child or the female This compansoii must not })C 
earned too far Ilikmct and Jlegnault say of the eunuchs of Comtanti 
nopic that “they are acaricioiis, stupid, credulous, illogical, olistinatc, 
fanatical, fond of children and animals, faithful m their affections but 
lacking in courage “ But the reader wnll admit that tins charactenza 
tioQ will fit many a man with intact and normal testicles 

(3 There IS little or no development of the sex urge in its various 
manifestations. 

^Vhen the testes are removed in the adult malo the most notable 
changes induced aro 

1 Sexual impotence and diminution or loss of sex urge 

2 Tendency to atrophy of the secondary male characters 

3 Lowered rate of metabolism and tendenev to obesity 

The sinking specificity of the influence of tho testes on organs is 
shown in tho case of the growth of horns Ifoms aro modified skin etme- 
tures apparently identical in all mammals having these organs Never 
theless in species where the horns ooustitiito a specific male character, 
castration prevents their development, while in tho species where the 
horns are common to liotli sexes, castration has no effect on their grovrth 

Thus we SCO that atrophy or extirpation of the testes leads to impair 
ment and final loss of all structures and functions specific for the sex life 
of the male, but it does not bring on any serious disturbance of other 
functions There are no sequehe comparable to those of the artificial 
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animals. Loewi states that gi'iHei tc'^ticular extracts to capons 

inducts deielopment of the male characters Walker w i» unable to pre- 
sent the atrophj of the prostate in castrated doj^ b\ iniertion of testes 
extracts Walker and lliddic haae reported tliat aJinini tration of testic 
ular extracts to female animals (chickens pi^eonsj tends to produce male 
tharaefers and male behavior It has l«ceu demonstr ited in ilti ui 
heimer that ni castrated male frogs the characteristic dceelopment 
of the forelegs at tho breeding season can be induced by te«tcs 
extracts 

Cltmcal — The testes, \anonslv prepared was used by the ancient 
Greeks and the Hindus as an aphrodisiac and tonic Its modem use in 
that direction dates back to Brown ‘Mnuanl in !'''<• who administered 
extracts of tho testes to him elf and thought be experienced a great 
augmentation of bodily and mental \i^or /oth and Prcgl using the 
ergograph, report some eaidence of increase lu muscular work after sub- 
cutaneous injections of the extract Similar re uUs would probablv ha\e 
followed the injection of am tissue extract In man^ if the reports of tho 
action of the extract ou normal persons the element <>f suggestion was not 
Controlled 

The work of Poehl and his associates with «pcrmin was e^en more sen 
'ational than tint of Brown biquard Poilil rcgirlcJ pinnm is a gtii 
ml metabolic stimulant or catahzcr and reports good results from its 
u«o in the following maladies Asiatic cholera svphilis cnsipelas, do- 
hnum tremens gas (CO) poisoning chloroform and ether poisoning 
impairment of heart and lungs optic atrophy hemiplegia, paralysis, 
catatonia, cholera hyatern, neurasthenn mtelitiR seun\ marasmus, 
skin diseases typhoid feser, toxic goiter, pulmomry tuberculosis diabetes 
mellitus, anemia and gout This is a good exnmple of organotherapy 
ruiming amuck! There is no evidence that any of these mahdics are 
in an> way related to hypofunction of the testes So far as wo know 
there is no evidence that castration lowers the resistance to infection or 
otherwise piodnccs conditions favorable to the above diseases Vnd par 
ticularly m cases of toxic goiter where the dcstnictive metabolism is in 
creased to a degree not found m any other discs'^? except high fevers 
anv therapy which still further augments the metabolism is clearly contra 
indicated But others have rctommendod the use of testicle extracts in 
toxic goiter, diabcte«, obesity, eczema, etc. (Jones, FncdlanJer Bauffe, 
Burghart) 

Transplantation of the Testes — ^Trauspluitation of the testes appears 
to be onlj a temporary measure even under the mo«t favorable conditions, 
as (he graft is sooner or later completely ah orlicd, but as long as a sufficient 
amount of the tissue rcm-inia nhve the graft is able to sustain sex life 
"hen ns m Nussbaiims experiment it is placed in the lymph sac. 
''hctloii and Shipley found that a te tes tmu plant was not able to ro- 
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mental and physical deprcb-iion, fiom the Ix^niiinj, retain their inclma 
tion tow ird the ftniilc t>c\, althou^li thi^ cui no longer cxpeneucc the 
sensations duo to crcetum and coitus 

Relation of Interstitial Cells of Testes to Cortical Cells of Adrenals, 
Hypergenitalisni — 1 loiu the Held of In tolo^^ uid oi^aiiogcncsis, cm 
dciKO has been adduced to sliow tint the cells of J c>dig m the testes and 
the cells of the infcncnil or the cortical s>sttm arise from the same 
cmb^^ologlcal uihoX* Ihis iiia> he accepted is true, hut it docs not con 
stitute a proof that in their adult ditfereiitiatiou the functions of the c 
cells are identical or reciprocal In tnices are also related in the litcn 
ture of tumors (hjperictivita) of the adreuil cortex piodueiiig sexual 
jirccocitx 111 Ixns Tim n siguitieaiit, if tnu, md if theie la no c\i 
dence of premature deielopineut of the tcstes themselves lumors of 
tho testicles mi} al o mdute «exual piceocit} However, it is clearl} 
esfahhclicd (hat no other ^{aiid iii the IxmIv cm assume (ho rule of tho 
mtorstitial cells m ‘<\ life. \f(er castntion in i nonnal annual the 
other endocrine g,luid 3 either rtiiniu normal or umltj^o some li}pertropliv 
Those livpertrophios, oven in the ciso of the aditnal cortex, cannot bo of 
compensatorv nature, at Icist as rcgaids (he specific sc\ role of tho testes, 
since tliov do not iiiaintaui sex life If the hv}>trtropliics are couipciisi 
torv it must ho in relation to some general met iliulic or detoxication func* 
tiou that tho testes have in common with other eiuloerino glands 

Chemistry of Testes — Hit ii itiiie. of the piotes ts or the sub t nice m 
the interstitial cells tint su tains the male sex life icmaiiis uiikiiowai 
Pochl claims to hue isolated a sul>s(ancc from the ontiro testicle, IuuiUb 
the forimih C IInJv and called b} him ‘spermin lie rtjwrts that this 
sub tanco is tho ph} siologicall} active constituent of tcsticiilir extracts, 
and, injected lujxidcrniaticaHv, it accelerates inctalolism and aets as a 
general plusiolOoieil tonic Dixon found an jbuuduute of nuclcoproteins, 
other products, organic bodies not affected bj boilin^,, and inorpUiie silts 
111 cxtricts of tho tcstielcs Ilcniiciix reports the presence of lipase and 
aiu}lasc m the luter&titial cells With the possible exception of I’oehl s 
Bpcianin, tlicre appears to bo nothing specific lu these findings Similar 
substances arc found in all oigan extracts 

From a senes of xcr} interesting cxpciimcuts on raalo frogs, Nuss 
baum concludes that the testicular secretion icts primanh upon tlio 
nenons tissue as a tonic or a stimulus, and the augmented or alteied 
actnit} of tho nervous tissue, m turn, sustains tho lex life Tins view 
la prohablv tnic iii specific cases, but cannot bo accepted as a complete 
<itatcmtut of the 'utuation 

Clinical and Experimental Uses of Testes Extracts— 

—Bourn and kneel report that injection of testicular cxtricts into cas 
trated guinea pigs preventa the atrophx of tho male characters Accord 
ing to the same authors this extract also accelerates the growth of tho 
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tamed Yet surgeons have reported sacces^ul testes grafts using testicles 
fire davs after extirpation from the donor 

5 At present, the most that a testes graft can do e\£n temporarily, 
IS restoration of libido and copulation power with synchronous increase 
m metabolism Other alleged effects on mmd and bodv are probably 
due to suggestion Fertility is not restored Testes grafts are there 
fore, at present, a biologic^ fuitlily a catering by the surgeon to the 
elements of sex degeneracy in our species 

SUUMAKT 

1 The specific sex characters and sex life of the ^e^teb^ate male are 
deieloped and sustained by hormones secreted h^ the testes In the 
case of the mammals there are indications that some of thc<e honnoncs 
begin to function m early embrtonic life The hormones that deter 
Biao Jeielopmont to full sexual niatunfs are probabh different from 
those that sustain stx life during full sexual mafiirita 

3 Complete removal of the testes either in south or after matuntv 
pretents or abohshes sex life, but has no other significant or deleterious 
effect physical or mental, on the mdnidual 

3 Tho only fields for rational organolberapa of the male gonads are 
the comparatively rare cases of atrophy, disease, or accidental loss of the 
testes The rather meager experimental and clinical data on this point 
mdicate that tho administration of testicular extract b% mouth or par 
enterally, docs not sustain sex life It cannot of course, overcome 
sterility On the uhoJe organotherapy of the testes from present tndica 
hons ts ury hmited and of lUlle importance 


THE PROSTATE GLAND 

The prostate gland is a econdary male character undergoing atropha 
''a castration and varying m size and secretory activity with the actnitv 
or dnmiancv of the testes Tho prostate secretion mixes with the spcmia 
tozoa and forms a part of the seminal fluid This pro«tatic secretion may 
be of importance in maintaiuing the nutrition and activitv of the sperm 
In thc«ie days of active interest in hormones, suggestions of internal 
secretion functions have also been made for the prostate ilacht reports 
feeding prostate to tadpoles stimulates growth, and hastens meta 
^orphosia But this may he a dietary factor rather than an index of 
hormones Feeding prostate gland to mammals has so far vieldod no clear 
effects Macht was unable to demonstrate anv impairment m mental 
abihtv and nervous coordination in prostatectomized rats. Bciehel has 
described cells in tbe prostate gland similar to the Ley dig cells in the 
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store the vasomotor imtabihlj of castrated animals to its normal level, 
thougli there was some improvtment. ’ 

iToms has reported an instance of a testicle transplant apparently 
stimulating a dormant teaticular remnant so that it hvpertrophied into 
an apparently normal testicle. The patient had lost most of the testicles 
at the ago of thirteen in a complication of mumps The man, ago twenty 
seven, at the time of the testicular transplantation, showed some effects 
of castration. 

We have now a great body of data, experimental and clinical, on 
testicle trancplautation (Steinach, Sand, iloore, Lespmasse) The sci 
entiffc interest and biological signiffcancc of the problem is great. The 
clinical interest is concerned with the possibihtv of restoration of sexual 
potency with attendant phvsieal and mental stimulation (“rejuienation”) 
in old men, the possibility of rejuvenation of partially atrophic testicles 
in younger men, and thus the restoration of male fertilitv, and the pos 
sibilitv of counteracting tbe alleged physical and mental lethargy and 
anatomic stigmata that follow the lo-^ of the tc»ies in hovs. The dimcal 
work in testes transplantation has been further stimulated the universal 
failure to counteract te«te3 deficiency (interstitial cells) b\ feeding testes 
preparations in any form. The following facts seem cstablidied 

1 If adequate surreal technic is used a fairly high percentage of 
takes” IS secured both from autotestes and beterotestes transplants, 

whether the graft is placed in the scrotum, under the skin, or m the 
peritoneal cavity 

2 Practically in every case only the cells of Leydig survive, and 
the length of survival is variable In rats and guinea pigs testes grafts 
ma> live at least six months. The most favorable clinical reports indicate 
a sumval of from a few months to two ycar», but thc&v cases have not 
been checked up by histological study of the graft. We have only the 
patient’s own word for his sex potency, and this is not alvvavs reliable 
Vt pn:<icnt there is no evidence that the testes graft can live through tbe 
normal period of male adolc ccnce Why a testes graft ouce adequateh 
vascularized undergoes atrophy within such a short time is not known 

3 There is no reliable evidence that testes transplanted from goats 
or monkeys to man ever become vascularized and survive The reliable 
evidence is all to the contrary At present this type of surgery , when done 
for pay with de finite promises of result® is quackery, and docs the honest 
medical profession much harm. In this business the suigcon is the 
monkey, and the patient is the goat. 

4 The qu< stion of how long a human testicle will survive after it is 
removed from the body and used for grafting is not settled Host mam 
malian organ®, particularly gland®, die within a few hours after excision, 
probably from asphyxia, ev en when asepsis and low temperatures are mam 
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tamed Yet surgeons have reported sacce<!sful testes grafts ii i ig testicles 
five da^s after extirpation from the donor 

5 At present, the most that a testes graft can do evtu tt-iiiporarih 
IS restoration of libido and copalation poaer with svnclu mou increase 
in metabolism Other alleged effects on mind and bodv are prnbablv 
due to su^stion Fertilitj is not restored Testes graft are there 
fore, at present a hwlogical futility a catering bj the urginn to the 
elements of sex degeneracy in our species 

SUUIIAIXY 

1 The specific sex characters and ex life of the vertebrate male are 
developed and sustained by hormones secreted bv the teste® In the 
ca®o of the mammals there are indications that some of thc~«e hormones 
begin to function m early embryonic life The lurraones that deter 
nuno development to full sexual maturitv are probablv different from 
those that sustain sex life during full sexual maturity 

2 Complete removal of the testes either in voutb or after matuntv 
prevents or abolishes sex life, but has no other significant or deleterious 
effect physical or mental, on the individual 

3 The only fields for rational organotherapy of the male gonads are 
the comparatively rare cases of atrophv, disease, or accidental loss of the 
testes The rather meager expcnmental and clinical data on this point 
indicate that the administration of tcsUeular extract by mouth or par 
enterally, docs not sustain sex life It cannot of course, overcome 
slenlity On the uhole organotherapy of (he testes from present indtca 
hone M very limited and of little importance 

THE PROSTATE GLAND 

The prostate gland is a ccondarv male character undergoing atrophv^ 
on castration and varying in size and secretorv activitv with the activitv 
or dormancy of the te®tes The prostate secretion mixes vnth the perma 
tozoa and forms a part of the seminal fluid. This proslatic secretion mav 
be of importance m maintaining (he nutntiou and activitv of the sperm 

In these days of active interest in honnone® suggestions of internal 
secrttion functions have also been made for the prostate Alacht reports 
that feeding prostate to tadpoles stimulates growth and hastens meta 
morphosis. But this may bo a dietary factor rather than an index of 
hormones Feeding prostate gland to mammals has so far vidded no clear 
effects Hacht was unable to demonstrate an\ impairment ni mental 
ability and nervous coordination m prostotectomized rats. Reichel has 
described cells m the prostate i^and similar to the Lc^ig cells m the 
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testes KniiJalcoii has reported hypertrophy of tho mammary glands in 
tMO se\eiitj ycaiMild men, following prostatectomy This is at least not 
i ficqucnt result of prostatectomy, as this is a common operation in mod 
era surgery, and wo are aware of no reports simihr to that of Aaiidaleon 

During the active sex life of the mile, tho prostate gland depends on 
the testes, nevertlicles*", there is fnpiently a livpcrtrophy of the prostate 
in old men when tho testes functions arc definitely on the decline This 
la an actual contradiction, sinco tlio prostatic enlargement m old men is 
glandular 

SUMUATX 

1 Xlicrc IS, at present, no reliahlc evidence that the prostate furnishes 
an mteinal secretion, since proMaUctomy induces no demonstrable defects, 
prostate feeding is without mlluence, at Icist iti munmils, iiid notliing 
even remotcl> rc'emhliug a hormone has so fir been found m (Ins gland 

2 Ihc uso of prostate mitcrnl m organotherapy is therefore with 
out any basis, at present llic pscudomcdicnl literature fumishis, of 
cour«i, testunonnU of cures of a variety of ailments from tho growing 
pains of cliildhood to postoperative nicHncIioIia, and tho drug houbcs fur 
nisli prostate extract Under these conditions, it is up to the doctor to 
funnel tho antidote of common sense 


THE PINEAL BODY 

Tho pineal body is an cvagiiiatioii of the embryonic neural tube 
It 19 eompooed of cpciidvmal eells in n frumework of i]cim>olia and con 
ncctivo tissue According to tomparalivc anatomy, tho pineal bod> 
represents tho vestige il rcmiiniit of a median eve, perhaps fiiiRtioiiol in 
some species of reptiles, hut its Jiislologicnl stnicturc, at least m voulh 
the eifeets of pineal tumors m man, ns well as fcoino of tho experimental 
physiology of the orgm in birds and mammal'*, iiidicitc that it may be 
n gland of some importance, at least during pre adolescence Its physi 
ologual importance is, however, not yet clearly established 

111 man the pineal hodv continues to grow until tho ago of seven to 
eight years, when atrophy or involution sets in, so that in the adult the 
pineal body is made up mostly of connective tissue cells and the so-called 
“brain sand” Ihc avcra„o weight of the gland m man is 0 22 grain 
It takes 25,000 pineal glands of calves to make up oiio pound of dried 
gland substance (McCord) The size and structure of the pineal body 
appears to bo identical in males and females 

Jordan has noted the great nbundaiice of the blood supply to the organ 
The piesencc of sympathetic nerve fibers m the pineal hodv has a]‘»o been 
asserted (Cajal) 
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Injections of Pineal Extracts — ^TLe intravenous injections of ex 
tracts of the pineal gland have revealed no action of specific ph' siolo^ical 
importance a* least for the circulation (Jordan and Lester Horrax, 
McCord) In large doses, pmtal extracts loner the bloudprts ure but 
this IS not specific 

ilcCord states that subcutaneous injectious of sterile pineal gland 
(young cahes) into youn^, guinea pigs three times weekh has a marked 
stimulating action on grovith 

Extirpation of the Pineal Body —According to Biidl Fxner and 
Boose, and Dandv, extirpation of the organ in adult dogs or in rabbits 
(young or adult) produces no demonstrable effects Because of the loca 
tion of the gland, most of the operated animals die witlim twentv four 
hours of hemorrhage, brain injurv and shock But the few that survive 
the operation trauma are said to remain normal Both Sarteschi and 
Foa report verv different results fiom piueakctomy in >oun^ chicks 
rabbits, and rats According to Foa the operation has little or no effect 
m female®, except a temporary retardation of growth In the males the 
extirpation, of the gland leads to precocious sexual roaturitv This uc 
ccleration of sexual maturity was also ob ervtd bv barteschi m operated 
male pups and rabbits Horrax reported a vlight iccekrition of the 
growth of the testes in pineakctomiztd guinea pigs No dcinonstrablo cf 
fcots were produced in the operated females The most important and 
conclusive work in pineal ^land extirpation is that rcccntlv nported bv 
Dandy on young dngs Dandv extirpated the pineal bodv in pups (male 
and ftmalo) ten days to tlircc weeks old and observed their body growth 
sex life, and mental behavior for ci^ht to fifteen months after the opera 
tion In no case did ho find sexual precocity or indolence adiposity or 
(inaciation, somatic or mental precocity or retardation Dandy concludes 
that tUo pineal body is not c scntial to life and seems to have no influence 
on the animals wellbeing at any age 

Feeding Pmeal Material —McCord reported that feeding pineal 
glands to young animals (guinea pigs) accelerates growth and hastens 
sexual maturity, both in males and female® There w is no tendency to 
gigautisin The pmeal fed animals simply attain adult stature at an 
earlier period Accoiding to McCord, the®e effects are most striking when 
tlic pineal oigan obt lined from voun^ annual (cahes) is fed llo kins 
and also &issuu and rinney on tho other hand obtuiitd negative results 
from feeding pineal material to rats McCord aud Mien reported a 
l>eK.uIiar contraction of tne skm pigmeut in tadpoles fed with pineal ma 

tenal They propose tins reaction as a quantitative ti t of pine il extracts 

I’uieal sub tauce seems to hasten reproduction in some unicellular 
u^ganl8ms 

Dana and Berkelev claim that feeding or injecting pineal gland to 
‘lackward’ children improved their mentality ilthough growtii of the 
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lodj was not accelerated Goddard and Conicll extended these testa to a 
large mimber of backward children “Ihe results were ncgatue. 

Pmeal Tumors — Tumors of tho pineal body m the joung have fre- 
qucntlj been a8<!oeiatcd with acceleration of growth (mental and phjsical, 
includiiij, precocious adolescence) The syndrome is designated ‘macro 
geiiitosomia prtcox ” Ciehtxia is present, piobabh due to brain injunes 

Tho interpretation of tho IxmIj changes in the ca^e of pineal tumors 
m the sense of hjixi activity or hyperactivity of tlio gland is verv un 
certain, espccnlly m view of the contridictory results of animal expen 
mints ilcCord reporting that pineal feeding produces the identical re- 
sults dtsorihtd by Foa and Sartcmhi as follow itig compkte extirpation of 
till piiicil body 

J heie i>< at prt'.ent no raltonal or useful pmeal organolherap;/ The 
contradictory effects reported from work on animtls and the iinicrtainty 
of pineal dchcieucy in man must he cliarcd up before wo are justified m 
trving pineal organotiicropy in the clinic^ even cxpenmcatally At pres 
int there is no riliubk evidence that the pineal body is a gland, or a 
gland of any iinportanec Tho hodilv changes m casu of pmeal tumors 
nmv be due to iiivolvciuint of the midbraiu. 


THE THYMUS 

Physiology —Tho thrmiisdivclops m the embryo from the epithelium 
of tho third branchial pouch Its origin is thus similar to tliat of the 
thyroid and the parathyroid Wc have seen that accessory thvruids and 
parathvroids are frequently found embedded in the thvinus tissue The 
thymus is pnmarily an organ of fetal and prcadoksccnt life, as m normal 
men and animals it undergoes involution at puberty, and is finally replaced 
bv connective tissue, Ivmphonl tissue, and fat But it is reported that tho 
Ihvmus of birds does not undcigo iiiTolulion at sexual maturity (Sob) 
Jansen reports ‘ accidental involution” of the thymus in starvation and 
malnutrition This is probably not a true involution but merelv tho great 
reduction m weight suffered by this organ is fasting Tho relative size of 
the thymus is greatest shortly after birth 

The thvmus contains several types of cells The outer or cortical por- 
tion of the gland is made up of lymphoid cells According to Daiischakoff, 
Hammar and others, these small cells of tho thymus cortex differentiate 
into the various forms of leukocytes of the blood and lymph Hoskins 
has pointed out the parallel between the decreasing perceiitago of weight 
of the thymus m relation to body weigjitj the decrease m hinphocytcs 
in the blood from birth to adolescence TJio central portion, or medulla, 
13 composed of a few Ivmphonl cells and the peculiar “corpuscles of 
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Hassall,” composed of iiesfs of epithdial cells. The function of the 
Hassall 8 bodies is not known 

The specific role of the thjmus is still lery obscure and mo‘‘t of tho 
mrcstigators question whether it should be classed with the endocrine 
glands The organ is not necessary for life The facts detinitel> e^tab 
listed are the involution of the o^an at puberti and the delay of this 
involution by ca'^tration 

Henderson states that early castration accelerates the growth of the 
thymus and prolongs or delays involution Involution of the thvmus oc 
curred eapecially rapidly in animals used for breeding purposes On the 
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Other hand Paton states that removal of tho thymus m sexually immature 
animals led to a rapid growth of tho testicles 

From such experiments and observations it has been concluded that 
the thymus exerts an inhibitory action upon tho development of the testes 
and that the development of the testes has an accelerating effect upon the 
inTolution of the th\ mus Patou concludes from more nxent experiments 
that thymus and testes both txciciso au inflncnco on the growth of the 
squally immature animal tin. removal of both retards growth This has 
sot been estabhslied for the ovaries and thymus of the female Vfter 
removal of one the other can compen ate for ita loss, and in doing so 
Clay undergo a more rapid growth or, in the case of the thymus mav 
persist for a longer period Further evidence of a rclabon between the 
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tliMmis nncl sex glands has been sought in the f ict tlint the ovaries are 
sonutiincs inlarged m stitug l^inphaticvis (Birttl mJ llernnaim) 

liie rchtiou of the thjjmis to growth was studied b_> Jhsch uid others 
in >ouiig amiinls from whieli the th>mii8 was removed bucli amiiiuls arc 
said to show dela\e'<l gnnvth niid diinniished intelligence Ilio clniigis 
111 the bones were cspccnlly marked, these showed deficient ossification 
15 isch, and Patou also, reported tint the periphcr il nenous s^ystem showed 
111 increased excitability, as determined by galvanic stimulation, uid Putoii 
suggests tint there is a close relation of tho tliymus and the pirathvroid 
functions 

Kio'ic and dso Klose md Vogtstatc that if the thymus is removid from 
inippics about ten days afltr birib, llitre n a latent period of two to four 
weeks, followed by a condition of adi|Ki3ity for two to three months, tlnii 
cichcxiaand i (onditiou resembling idiocy, ind deatb m 'thvinic com i” 
after three to fourtetn months llicy say tint cxtiri» itioii of the thymus 
m infuita is followed bv similar results They consider the gland (o Ih. 
Ill important orgnu in early life Ibcy also state that tlio Iwiies of am 
mals deprived of the thymus Iiavo only about lialf tho normil amount of 
calcium Ihcv consider the l>onc and other ehjii(,es to lie duo to icul 
iiitoxicJttoti, and th it one of (he /unctions of the lUyniia is to inhiLit the 
formation of or to nciitralirc in cxcchiivo formation of acids, prohabh 
nucleic acid 1 sscntiallv snmhr rcNiilts were reported hy Jf itti 

But Nordunnn stiles the ttmovil of the thymus shortly ifter birth 
in dogs has no ctTect on growth or other phvsical conditions irainiinr 
found tint thymectomy m frOoS prodiucd no demonstrable elle'cts, and 
Midi his shown that thymectomy in ainpliibian tadjioles is without in 
fluciicc on growth and met imorpliosis Morgulis and Gics report tint flic 
calcium coiitoiit of the boms and teeth of tliyniccfomiaid rats reinuncd 
the same as in the normal controls, hence, they contend that the thymus 
has no dcliiiite necessary iniliiiiiet on bono growth Jlorc leceiitly c\ 
tensive and careful studies on thymectomy in rats and young dogs have 
been reported bv Pappeiibcjiner, Park, and Pirk and HeCliirc The re 
suits were lu^ativc 

Tho cxpcriineiitul results from thymectomy are, therefore, very con 
tradictory Ivoenig rcjiorts a reacetioii of tho thvinus in a ninc-inonths 
old child, followeil by severe and prolonged rachitis ilierc is no evidence, 
however, that the thymus resection was tho cause of the rachitis 

Tho tliymus is ofti ii found persistent or enlarged m cases of Graves 
disease, especially m tho severer foniis Capcllc uid B lycr believe that 
an internal secretion of tho tbymus aggravates tho symptoms, esix-cially 
tile cardi ic syinjitoms of the disease ihey, as well is Pribram, leport 
improvement from thy meetomy Birehcr stated that tho iinplaufatioii into 
animals of a patliological tbymus caused symptoms of Graves disease, 
such as tachycardia and tremors 
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Racliford believes that the tli^mua produces an internal secretion af 
fctling nutritional proccs.es especially in feta! life and carl> childhood, 
he behtics that status ly mphaticus is due to an exce sive activity of tho 
thymus i riedlander stated that expo'mre of the tbv mus to Roentgen rav s 
iac«os diminution m the size of the spleen and h mpli nodes in status 
lymphaticus Nordinann thmis that some cases of toxu /fitter are due 
to abnormal functioniUo (hyperplasia) of the thymus But fcedui^ 
tlnmus to cictin rabbits is without effect (C irlson) 

Gudtruatsch and Laufhirj,tr found that feeding tlivinus accelerates 
growth of fniQ tadpoles This has lieen ditiud or ascribed to the food 
as such (Uhknhntli) Slnunzn claims to have produced a tliMiiototic 
scrum (thyinohsia), the nipction of svkuh prodinis the same results as 
thymectomy Ott and facott report that tlniiiiis tatnets have a E,alacta 
jjOgue action This is erroneous riilenhiith rejxirts that feeding caHcs 
thy mus to salamander tadpoles mduecs Utmv and inhibits inctaiiiorphosis 
Ho interprets this as cstahlisLiii^ an uitcniil seen tioii (to\io) bv tho 
tliMinis, this secretion being destroyed by the paiathvroids This tii 
torprctation seems at present far fetched ^ubentantoua iiijcctioua of 
thymus substanco into young rabbits seem to piodiice no spcciflo effects 
(Downs and Jddy) 

Pathology — 1 lit primary r< le of the thymu in the disoa c syiidromcs 
frequently associated Mith au enlarged thymus (statu* hinphaticus thymic 
death, toxic goiter), is stil! unknovyu There is no char CMdcnco that 
hvperfunctioii of the thymus is an etiologic factor nlthoUj,h the ipparuit 
hiiicfieial effects of \ ray and surgery of the tliMiuis may lx, w> inter 
pretid ifors thyiniea is not due to intchamcal interference Mitli cir 
dilation and respiration (Hammar) sfawmmn/ has liecn ascribed to 
hipcrthyinism (Biowiiiiig) Ber,.straiid lias described two cases of siinul 
taiKiius thyimc and parathyroid hyperplasia 

Therapeutic Uses of Thymus Extracts — llinniH his been adnuiiis 
tired in main diseases (gout simple and toxic mara^inus, rctardi d 

growth, infantilism, rhcninatj<im aithntis, chlorosis acromegalia, Vddi 
a disease, etc ) Mikulicz rciwrts favorable results from thymus feed 
'"b in simple and toxic oOifir Uncertain or negative results from the 
adiDiiiistration of thymus m pOitcr (simple and toxic) were repirted bv 
Mackenzie, \\ hjie Parker and many others But thymus fecliUj, has no 
itfects on experimental Iiypothyroidism (rabbits) where all conditions 
fun bo controlled 

Nathan aJmini tered thymus to rachitic children m do«es of from two 
^ four five-gram tablets (each tablet apparently containing, dry gland 
t-qinvalent to five grams of the frcJi gland) three times a dav for long 
l>criods. In one himdrrd and ciohty six coses tre ited, practically all im 
proved When the tliyinua is conscientiously taken for a h ii^ period, aiul 
fwliejit IS olhertiUic jiultctoudy handled inarkwl improvtuant, if not a 
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tracts The injection of the spleen extract has no mfluonco on tho re- 
sistance of tho red cells to hemolysis. In some cases the administration 
of tho spleen extract induced a slight and temporary Iciikucj tosis, but this 
was also noted in tho case of extracts of other organs Xrunibhaar and 
ilusser noted that tlio constant increase m red cells m the peripheral 
circulation after injection of spleen, m view of tho teudenej to anemia 
following splenectomy, suggests that 'the spleen miy nonnalU exert a 
fetiinulatiiig effect upon tho foniution of red cells in the Ixme mar 
ivw ” 

Feeding spleen or spleen extracts to aniiuali, even over a lon^ period, 
has no effect on tho blood picture, aud fails to prevent or dimmidi liie 
anemia following splenectomy (Kniinbliaar iiid ‘Muster) This is i fact 
of gieat practical importance for |Xi^slLlc spleen orginothcrapv m man, 
where repeitcd snbcutane'ous or intripentoiical administration of a crude 
tissue extract is, of course, out of the ejuestioii Wc sec that on ihe hasii 
of uell conlroVed animal ex{teriinaUs ue cannot hope to conirol tpleen 
deficicnctj or induce specific spleen functions by feedimj spleen or spleen 
preparations 

Flcxucr has reported various toxic effects from spleen extract admin 
istration 

llTliofuQCtion or Dyrafunctioa of Spleen m Splenic Anemia HemolTtic 
Jaundice and Hanots Cirrhosis — riicio is «onic destruction of crvtbro 
cytes in tho uonnal splecu, and possibly some degree of control by the 
spleen of red marrovr, blood pla'sma, and crythroevtes so that the rate of 
erythrocyte production and hemolysis strike a balance m the uonnnl am 
mal In «plcinc anemia and hemolytic jaimduc there is usually eiiUrge- 
ment of tho spleen, a decrease of resistance of tho erythrocytes to hemo- 
Ivsis aud an actual increased rate of ciytbrocyte dcstructiou, as shown 
b> the output of urobiliuOpCn, urobilin, and iron in tbo feces ifclcehie 
and Rosenbloom report a case of hemolytic jaundice and spleuoniCoaly' with 
the erythrocytes showing a decreased resistance to hypotonic laking The 
suggestion is made that this may be due to a dccrca'io in the choksttrol 
content of the blood Robert'ion states that in pernicious anemia the 
erythrocytes of the splenic vein show less resistance to lakiug agents than 
those of the general circulation Fxtracts of tlie normal spken hare, how 
ever, no hemolytic action tn utro (Knimbliaar and llusser) This is also 
true of spleen extracts from pernicious anemia patients (Robert«on) 
tirpation of tho spleen in splenic anemia appears to restore such patients 
to normal health, either through tho absence of the actual hemolysis taking 
place m the spleen, or to some increased resistance in the erythrocytes to 
laking agents m the blood itself 

After an examination of all the cases so far reported ililkr con 
eludes that “splenectomy is undoubtedly curative ” Gei-des does not ap 
pear to be so sure of this But the improvement following spltiiectomv 
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allows clearh that the hyperfunchon or dyafunctioa of the spleen is the 
primary cause of this tjpe of anemia 

The Spleen m Pernicious Anemia — ^The relation of the «plcoii func- 
tion to pernicious anemia is le»s definitely established Most observers 
agree that splenectomj in pernicious anemia usually induces a temporarj 
stimulation of the blood forming organs, and hence a transient improve- 
ment of the anemic condition hut ‘ m no case can it be said that the 
splonectomj produces a cuie of the divase (Knimbhaar) Blood trans 
fusion has a similar stimulating action, but less marked and somewhat 
more trausitor;^ (McClure Lee Jllinot and \ incent ) There is theu no 
evidence that the spleen functions are primarily concerned in pernicious 
anemia 

There is no satisfactory eisplanatiou of the opposite effects on the 
Hood of splenectomy in normal persons and animals {temporanj anemia) 
aud in patients with pernicious anemia (temporary tmproiement of the 
Hood) 

Therapeutic Uses of Spleen and Spleen Extracts — The use of spleen 
ettracU in constipation sod intestinal stasis as a specific stimulant to 
gastro intestinal movements (Zuelzer) is referred to id the section on Duo 
denal ^lucoso. 

Spleen extracts havo also been u ed m anemia end chlorosis in ma 
laria in menorrhagia and in hemophilia 2vo reliance can bo placed on 
the faiorable results sometimes noted in these maladies m view of recent 
work on tic relation of spleen to anemia and the further fact that spleen 
and spleen extracts given by month have no specific action on the organ 
i*ni The anemias that are benefited bv oiganic iron preparations will 
naturalh, show improvement on spleen therapv as the spleen is nch in 
iron But this is drug or food therapy, not organotherapy as this action 
•s not specific for the spleen 

The most strikingly irrational use of any organ or organ extract in 
therapeutics seems to be that of spleen extract in tuberculosis Harrower 
and others have advocated and clumed to have proved that feeding spleen 
IS a speafic m tuberculosis 1 There la no basis for such therapv of tu 
berculosis either m the physiology and pathology of the spleen, m the 
biolcgv of the tubercle bacillus or m the natural history of tubercular 
infections Vs a matter of fact Jems and Marmot state that splcuf^tomv 
in mice increases the resistance to tuberculosis while feeding spleen has 
^0 opposite effect. 


SuxtuAsy 

^here xs at present no eudenee that the spleen secretes or stores 
turmones or that hi/pofunction of the spfeen- enures disease hence there 
w no ralioml or useful organotherapy of the spleen. 
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THE OASTSIO AND DUODENAL MnOOSA 

SecretiDs— It 13 well c^tAblishcd that acids or acid chymo in tho 
duodenum is a stimulus to tho secretion of pancreatic juico and bile 
BinIiss and Starling macerated duodenojejunal mucosa m 0 4 per cent 
Indrochloric acid, neutralized the niiYturc, and filtered A few cubic 
centimeters of tho filtrate injected into a ^ein imanably produced secre- 
tion of pancreatic juice The suhstanco in the extract stimulating the 
pancreas was called ‘ sccrctm ” Tho secretin has since been prepared 
b\ other methods, and from a \ancty of plant and animal tismes. It i«, 
tbu<», uot specific for the duodenojejunal mucosa It has not been prepared 
m pure state Vll secretin prcpamtious scim to haio vasodilator actions. 
Popiclski attributed the action on the pancrcis to iht vasodilatation This 
13 probablj not the prim irv or essential factor Lucklmrdt has shown 
that the ‘secretin” of Bayliss and Starling is prohablv an artefact or 
drug rather than a phjsiologic agent, as tins socrctm on hvpodcrmatic 
injection stimulates the pancreas and tho gastric ghiids, while acid m tlio 
duodenum stimulates the pancreas promptly and the stomach not at all, or 
after a latent period of thirty to sixty minute* furthermore, prolonged 
action of acid in tlio duodenum finallv fails to stimulato tho pancreas. 
This is not duo to fatigue of the pancreas itself, nor to exhaustion of 
tho duodenal mucosa, for this muoo«a on acid extraction yields as much 
‘secretin” as tho resting mucosa. It is therefore clear that if there is 
a hormone or ‘ secretin” mechanism connecting the pancreas and the duo 
demim, this hormone (secretin) has not yet b^n extracted from the duo 
dcnal mucosa Tho simplest explanation of tho stimulation of the pan 
creas by acids in tho duodenum would be a local nervous rcficx, but that 
this docs uot account for it completely seems to be shown by the do- 
nervated intestinal loop expenments of Bavliss and Starling, as well as 
by the even more crucial transfusion experiments ertheiracr, Hen 
riquez and Hallion), and of cross circulation (Fleig, Matuso) 

To the extent that flio secretin passes into the lumen of tho gut it 
13 a wasted secretion and is quickly destroyed by trypsin and by pepsin 
hydrochloric acid digestion, and, even in tho absence of these digestive 
ferments, secretin is not absorbed in active form from any part of the gut 
Giving secretin by mouth is therefore without effect on tbo activity of 
tho pancreas and tho livtr Subcutaneous injections of secretin are also 
practically without effects In consequence of the instabilitv of secretin 
tho commercial preparations of sccrctin so far placed on the market (se- 
cretogen, duodenin, also the secretin of Bevendgo) contain, as a rule, no 
prosecretin or active secretin (Carlson, Lebensolm, and Pearlman) 

Secretin has not yet been prepared in pure form It represents at 
present a mixture of substances, probably including cbolin Repeated 
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intraTenoua injections of secretin are tiierefore hietl' toxic prodncxiij. 
coUapso (Starling) 

Secretin Organotherapy — It la obTioni that a ntimal and useful 

secretin therapy demands these two fundamental condition (1) ‘^fcreltn 

must be a normal or physiological substance and defcunn/ at sfcrehn in 
the duodenal mucosa muit be an important factor iti fh efnhgy of the 
disease (2) Secrehn must he able to tnfiuenre the fanrreps and the liter 
uhen gnen by mouth for ti ts not safe to introduce d repeatedly into the 
xeins of huma,n beings Neither of these two conditions has been estab- 



Fio 3-Tiuaifla Snowivo pRAcncAiiT Complei* Desteuctiox or Sccam-? b? we 
Pastbio Juice. D g under 1 »1 1 etber AnpAlbrsie csnnuU >n the pentre*Uc duct 
0 car tid hlofdp eaaure 1 record of «o» of peocr »t>c juioe m drops Tune 2d 
m nut.i Trecin-r A intrarenou* lO^e two of 10 euh c centimeters secretin (fre 
pared fresh from dees duodenal mucosa) at * Tracing B intra\ nous injret on 
(at ») of 10 cubic c nlimeters of the same ret n as m Tracing A after bei g 
digested in normal human gaetnc juice at 37 C for - hours. (Carlson Libensol n 
and Pearlman ] 


lishcd Despite thia secretin, or alleged secretin Las been used m the 
therapy of a \ariety of diseases 

Diabetes Melhtus — Afoorc Edie and \bram ncre the first to suggert 
1 therapeutic value for sccrctm, having obtained fatorablo results with 
secretin administration m diabetts lhe> argued that tho internal secre- 
tion of the pauertas maj be stimulated by seeittiu and that some cases 
of diabetes may be due to Jaet of this uec.ca»ary excitant. to the 

iinportanio of the (piestiou, their aunonnccineiit was followed quicUv hi 
numerous iniestigatious by other obstners. 

IrcMously, Spnggs, at the suction of Starling, had tried lutra 
'enous injections of secretin free from depressor substance in a diabetic 
patient, and had obtained ncfeatiTorcsulU iloore Edie and \bram gate 
their secretin bt mouth otcr long periods Of tin fi\o cases cited in 



ORGANOrHtlLVPiUTICS 


THE GASTRIO AND DUODENAL MUCOSA 

Secretms — It is mpII cstaUishcd Ait acids or acid chymo in tbe 
duodenum is a stimulus to tlio secretion of pancreatic juico and bile. 
Ba^liss and Starling m'lceratcd duodenojejunal mucosa in 0 i per cent 
Mdrocliloric acid, neutralized tho mixture, and filtered A few cubic 
centimeters of Ac filtrate injected into a \em invanabh produced secre- 
tion of pancreatic juicc The substance m Ac extract stimulating the 
pancreas Mas called “aocrttin” Tbo secretin has since been prepared 
b> other methods, and from a \anct} of plant and animal tisaues It is 
thus specific for the duudenojcjunal mucosa. It has not been prepared 
m pure state Vll secretin preparations seem to haic vasodilator actions 
Popielski attributed the action on the pancreas to the vasodilatation This 
IS probablv not the primary or essential factor Luckhardt has shown 
that tho secretin’’ of Bajliss and btarlmg is probablj an artefact or 
drug rather than a physiologic agent, ns this sccrctm on hypodermatic 
injection stimuhtcs the pancreas aud the gastric glauds, vihilo acid m the 
duodenum stimulates the pancreas promptly and tho stomach not at all, or 
after a latent penod of thirty to sixty minutes Furtbensorc, prolonged 
action of aoid in Ao duodenum finally fails to stimuhto the pancreas. 
This 13 not duo to fatigue of the pancreas itself, nor to exhaustion of 
the duodenal mucosa, for this muco«i ou acid extraction vields as much 
sccrctm ’ as Ao resting mucosa It is therefore clear that if there is 
a hormone or ‘ secretin” mcchaniMn connecting the paucrcas and the duo- 
denum this hormone (sccrttin) has not yet bwn extracted from the duo- 
denal mucosa The simplest explanation of the stimulation of tho pan 
creas by acids in the duodenum would be a local nervous reflex, but that 
this does not account for it completely seems to be shown by the de- 
nervated intestinal loop experiments of Bjyliss and Starling, as well as 
by the even more cnicial transfusion experiments (IVertheimer, Hen 
riquez and Hallion), aud of cro«s circulation (Fleig, Uatuso) 

To the extent that the secretin passes into the lumen of the gut it 
IS a wasted secretion and is quickly destroyed bv trypsin aud by pepsin 
hydrochloric acid dit,estiou, and, even lu the absence of these digestive 
ferments, secretin is not absorbed in active form from any part of the gut 
Giving secretin by mouth is therefore without ctfcct on tho activity of 
the pancreas and the liver Siihcutaneous injections of secretin are also 
practically uiAont effects In tonseqwenco of the iiistabihtv of secretin 
the commercial preparations of becretm so far placed on the market (se 
cretogen, duodenm, also the secretm of Bevendge) contain, as a rule, no 
prosecretin or active i>ecretm (Carlson, Lebensohn, and Pearlman) 

Secretin has not yet been prepared m pure form It represents at 
present a mixture of substances, probably including cholin Repeated 
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In Zuelzer propo<ied, on the basii. of badlj controlled animal espen 
rntnf* tho no\el theory that there is a specific gastrointestinal motor 
hormone, elaborated in the intestinal mucosa during digestion, absorbed 
into the blood and stored m the spleen Hence, the spleen uas held to 
contain mon, of this alleged hormone than an> of the other organs It 
was claimed that an extract of spleen and intestinal muco a ( hormonal ) 
cn intraienous or intramuscular mjection produces normal intestinal 
peristalsis in man and animals ■without any injurious side effects The 
extract was tried for a time especially in Germany, m cases of chronic 
constipation, and postoperatno intestinal stasis It was soon found that 
intraienous injections of this extract in patients may cause shock, col 
lap e and sudden death And the more carefully controlled imestigations 
of Ditfler lud Hohr Sabafowski Schlagenyieit ind others showed that 
intramuscular injections of the extract haie little or no action on gastro 
mtc tmal motihtj, while tho intra\cuou3 iniection* produce the general 
toxic symptoms characteristic of all ti sue extuet Hence there i& 
no specific or physiological motor homioiit in the duodenal and spleen 
extracts 

After careful perusal of the entire lioTnioml literature wo are 
impressed with tho uniformly' faiorable results hr«t reported by Zuelzer 
and a host of other clinicians in iyyo important case , namely, cLronio 
constipation and postoperatne intestinal stasis These results were uu 
doultedly due to suggestion and dictated by uneritical enthusiasm, faith 
and hope m a new remedy Wben crucial judgment returned, homioinl ^ 
'^as speedily found not only yranting but dangerous Tho ‘hormonal 
therapy had no basis in physiology or pathology It was not based on 
tycll-controllcd experiments on animals So after n brief popularity wiUi 
tho credulous clinician it pas ed naturally to the therapeutic bone yard 
Hormonal ’ cannot do anything yvitb ga tro mtc tinal motility that cau 
not be accomplished, and yyith greater safety by suth dnigs as pituitnu 
pilocarpiu, or cscrin 

In a recent senes of myestigations, Lc Heux has adyanced the Uicory 
that cholm m tho wall of the gut eoustitutes the motor hormone for 
gastro-mtestinal non talsis Ibis yimv is acceplc-d ty Hagnus Uut 
iholin 13 a constituent or cleayaeC product of the pbo phatids of all am 
mal tissues Cholm m tho blood is increased in case of degenerating 
nenoua tissue , but there is no caideine that this is accompanied In m 
tcstinal Inpcrpcn^talsis Ivuhlwcm has hown specifically that t^he m 
tcstmal stasis during and folloyyiug anesthesia is not accompanied by a 
decrease of cholm m the intestinal wall , , , 

If jmsenl if w iKUker sa/e nor expedient h use a toxic substance 
hie chohn hypodermaltcallu to control ntolor paraiysts of the yid 

Other Possible Hormone Funclions of Intestmal Mucosa —Tho yyork 
of Draper and of tipple and bis collaborators on duodenal extirpation 
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Ihtir first piper, iv.o were negative The third -was that of a man aged 
twciit\ fi\o, who rcccncd dail> 30 c.c of sccrctm after a latent penod^of 
thret weeks, the sugar suddenlj fell, and after four months the urine was 
sugar free bit months later a relapse occurred with the development of 
phthisis and death The other two l*dtunts were i hov aged scitii and a 
girl aged muo whoie urine in from three to live weeks became siigirfrce, 
dunug secretin treatment, in spite of eevcrc diahctes. One of the e pa 
tients later relapsed IJamhrid,,e md Ileddard gaio secretin i thorough 
trial lu three ca«es with ue^atue results, and ate disposed to attribute the 
nsiilts of Moon to dietiiij, UiLiii and Run om cited one ca«e, ecretin 
being given for twelve we^eks, with negative results, Foster, ume cases, all 
negative Charles, three caie**, all negative Moon, Ldie and Vbram, in a 
later paper, report a large immLer of ca<Hs fried with the majoritv of 
results negativi, thoUg,h in sonic cases an improvement m the digc«tion, 
and in ecriam cases an increise of weight was noted 

One method of testing iho basis of Moores thoorv would be bv ex 
amming the prov»:rctiii content of the intestine in diabetes Bainbndge 
and Bc-ddard found, in the pai>er referred to, that from five of the «ix 
cases of dubetes pxauunod postmortem, little or no sccretm could be pre- 
pared, but lu a sub«c<|ucut report of Kveu cases thev found onl^ one in 
which the sccretm obtained wa^ scanty The failure to obtain secretin 
in some cases the> claim is probably due to the rapid postmortem de^enera 
tion of diabetic tissue Lvati«, m Starlings laLoratorv, stated that in 
dogs made receutlv diabetic bv total pancreatectomy, but little secretin 
could be obtained Ilcdou and Li^bonno and Pemberton and Sweet, re- 
port, on thi contrarv, that the duodenum of diabetic dogs is neb iii pro- 
secretin Bainbridgc and Beddard, working on a diabetic cat, likewise 
found pro«ecretiu to be present lu normal quantity 

Digestive Disturbances — h.uri(|ucz has proposed that deficiency of 
secretin is a factor lu intestinal indigestion and m constipation This is 
pure guess Beveridge reports the use of sccretm in pylonc stenosis, pan 
creatic lUsufhcieucT, cirrhosis of the hver, colonic stasis, in gastro-euteros 
tomv and «hort-circuitiug of the intestiues Harrower advocated the use 
of secretin for a large number of maladies 

Alleged Gastro intestinal Motor Hormone of Mucosa Hormonal , 
Cholin — Htidenbam showed more than twenty five veira ago that lutra 
venous injections of tissue extracts cause a temporary inte tmal peristalsis, 
defecation vomiting, etc, prohahlv due to asphyxia from the greatly 
lowered blood pressure besides a number of other untoward symptoms 
In 1904, Henriquez and Ualhon showed that by treatment of strips of 
gut with Ringer’s solution or distilled water a substance may be extracted 
which stimulates contractions m another mtesstmal strip 

Similar results were observed when the extract was injected into nor- 
mal intact animals. This stimulating action is prevented by atropm 
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SDlf»AS7 

1 The substances “gastnn and stcretm are drag« not pbjsi 
ological mechanisms or hormone« The> are mclfectn c when administered 
per os and cannot with safetj be giaen parenterallj 

2 The gastric and duodenal miKmsd mav produce hormones that 
specifically regulate the activity of the pancrea the gastric glands and 
mtestinal motility These hypothetical hormones have not \£t been ob- 
lamed in extracts of these organs nor baa it been shoira tliat deficiency 
of these hormones produces a disease 

3 IFe haie therefore no rational or usefvl organothcraptj of the 
gaslro-intestinal mucosa. 


THE BLOOD 

Blood Transfusion — The normal blood contains all the substances 
(nutrients, enzymes, hormones immune bodic* etc ) necessary for the 
proper functious of all the oi^ans so far as tbtH are exchanges hctuccn 
the tissues Iheoretically it ou^ht to be possible to admini ter all hor 
nioncs to a patient bv tlio transfusion of normal blood but experiments 
hate shotm that the hormones of the thiroid the pancreas, the adrenal, 
the parathyroid aro present in the normal blood m su<b infinitesimal 
traces or are so quickly destroyed and u<cd up that blood transfu irn in 
cases of hormone deficiency has proted of no practical \aliie \iiotber 
reason for the failure of transfusion as a general hormone therapy is the 
difficulty of transferring enough of the normal blood to the patient, with 
out previously draining the patient of tlic greater part of his own hlo<«l, 
and without endangering the donor The *’00 to GOO c.c. usually traas 
fprrtd m blood transfusion of adults is too small a percentage of the total 
blood 

Considering blood as a tissue or organ, blood traiisfusion is iirtiutUg 
organ iransplaniaiioru Tlie blood is the ideal oigan for trail plantitioii 
from tho aspect of surgical ttclmic as there are no nervous and va=cular 
connections to be considered, and m compatible bloods no destructive 
tnzymes to bo eliminateil But from the physiological aspect we can hope 
for less permanent results from transplantation of blood than in the ease 
of any other oigan Tho cquilibniim of the blood lioth as to corpuscles 
wd plasma constituents is a dvuamic^ not a static one and depends on 
the activity of tlio other organs. The effects of blood transfusion arc, 
therefore, necessarily temporary, and tho mo t satisfactory results are ob- 
tained in case of temporary need, as in hemorrhage carbon monoxtd 
poisoning etc 
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and dnodcml ob tniction has &u^e:>tcd hormone functions of the duo- 
denal muco'ia other than those concerned n ith secretin and enterohmase 
Matthews claims that extirpation of the upper part of the diiodennra m 
the dog imariablj leads to death within three davs, hence, he concludes 
that the duodenum is as neces ar\ for life as the adrtnals or the para 
thyroids, prcaumabh through homiono fuuctioiL But others hare dem 
onstrated that animals lire mdchnitel> after duodenal extirpation (iliu 
how ski, Drigstcdt, Moorehoad, IMaiin) Draper reports that feeding 
duodenal miico«a to dogs with duodenal ohstruction or a closed duodenal 
loop lengthens the life of the annual •somewhat, hut fails to present death 
The 0 cxpcrimcuts hj Draper are not con\iuciug MiTiippIe reports the 
«ecretion or production of a tone substance (protein split product) m 
do cd intestinal loop and successful iiniininization of dogs against this 
toxin Dragstedt and his coworkers ha\c demon Iratcd that the toxins of 
intestinal obstruction or clo-cd mtcstm'U loops are dcielopod b> the putre- 
factive hactona acting on the food and secretion proteins in the gut. 
The expertmeiUal uori so far has yteWed noihng i» the uay of hints of 
usefxd diwdtml mt<co<at. or^aiiotAerapp of tntcslouiZ s^a«t<s aiuf ndcshiial 
ohsirudion. 

The Gastric Uncosa, Gastnn — Shorih after the work of Baybas and 
Stirling on pancreatic secretion, Elkins, by analogous expenmenta on the 
stomach, dci eloped the theory that acids in tho food, or the acid of the 
giatnc juico acting on tho muco'a of tho pylonc end of the stomach, pro- 
duce or hibomitt a «pocitic «ccretagogMC ( gu«fnn”) ni the blood, which 
actuates the fuudic glands. It has since been shown by a number of 
inicstigators that an actnc ‘'gastrin” can bo prepared b\ acid cstrae- 
tion« not only from tlu gn trie muco«a, but from the mucosa of the on 
tire alimentary tract, from the liicr, the thyroid, lanous plant ti'^-uei etc 
G \strm IS not «pccific since it stimulates both tho gastnc glands ind 
tho pancreas It has no effect when given by mouth ‘Gastnii” is eii 
denth an irtefacf, not a physiological mcchaiiism. Koch, Luckhardt and 
Keeton haie «howu that it is similar to but not identical with Iii«tamiu 
and pilocarpin 

The experimental work on the ‘gastnua” has led a drug manufacturer 
to put gastric mucosa prcpintions ( ‘gistron”) on the market buttres ed 
b\ unproied if not inipoisiblc, cljinis. The ‘gastrins” ma> some dav 
bo so purified tint tho may be injected hypodermafically m man, 
without injury, to lucrca e gastric secretion But this is drug action, 
not organotherapy Giien by mouth, gastric muco a or j,istnn prepara 
tnina arc without effect except when gticu m such I irge quantities that tho 
do e practically amounts to i ervingof soup The doctor who uses such 
preparations cheats the patient and deceiics himself, unless lie uses them 
as lehiclcs for suggestion iii which case a piH or a capsule containing an 
equally hirmless hut less expensive stuff will do as well 
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a few cubic centiraetera of the extract are injected subcutaneously into an 
adult person It has also been allegid that Icukootic extracts increase 
the immimitj reaction, and aid the action of specific scnims, antitoxin , 
and vaccines There is no evidence for this 

Icfion of Leukocytic Extraefi — Ihe action of tlic e extracts m infcc 
lions IS probablj not specific It is well known that the injection of am 
foreign protein or nucleoprotein produces in nio«t cases a temporarj fever 
and leukocjtosis To tho extent that the4.e two reactiins are of value m 
infectious disease®, leukoevtic extracts other organ extract® nr still better, 
simple proteins maj hav e some effect But this is dnig action, not organo- 
tLcrapj 

Iho important role in immuniiv (phagocvtosis production of immune 
bodies) ascribed to the leukocjte® bv lltuhuikoff k. probabh respon ible 
for tho great attention given to leukooMic extract* in infectious disease's. 
The leukcevte'8 are not important elements in the fixation of antigens und 
production of immune bodies (Hoktoen and C arisen) 

Hemoglobin Feeding — Tlie feeding ol heruOclobm m various anemias 
IS not organotherapy There is no evidence that giving hemoglobin bj 
mouth or parenterallv stimulates the bone marrow or prolongs the lif© 
of the eiythroejtes except as this mat be done bj auj other organic iron 
compound 

Lymph gland Therapy — On the lixis of ineoiniiefent experiments 
(hemudvuaTnic action following intravenous injection of extracts of tho 
Ijmph glands) Sfarfon lias postulated a hormone { IvinphcigaUeline ) 
production bv the hmpli ^ands Vftcr reviewing the entire literature 
on tho subject Vineent concludes that there is not the slightest reason 
for believing that the Ijmph glands carry out any endocrine function ’ 

SuiiMArx 

There m at present no organotherapy of the blood of the incfii'u/ual 
blood con'^tiluenls or of the lymph glands 


THE KIDNEY 

The fhoorj that the kidneis prodwee a plivciologicallv important in 
tcmal se'cntion, in addition to their exeretorv fiinctioii, proji-iscJ bv 
Brown boijuard and d Vrsonval in H has Ihxii «h iwii npi itedlv to lie 
without foundation (Bradford Suucr Vincent and Sheen Ixirsiier 
Bunker and Grablicld) but it still finds some adherents (Itakun) It 
has been claimed that ligation of tlip untcra dees not produce the amc 
effects on the animal as extirpation of the kidnevs and that the removal 
of tho greater part of tho kidney suhstmee acvih rates metaboli m apart 
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Blood transfusion has also been tncd, with no significant results, in 
\anoii3 infections, with the idea of transfusing immune bodies and aetne 
phagocytes to the patient It has been tried m heniophilta purpum hem- 
orrhagica etc But the most extensue transfusion thenp\ so far de- 
\clopcd IS that of tlio various anemtas Clinical and cajHrimental expen 
cnco appcir to agree that blood transfusion stimulates temporarily the 
blood forming orj^uis of the patient or the recipient, even in eases of 
pcnncious anemia, unless the cachexia approaches that of a moribund 
condition Ihe transfusion is, therefore, of value as a timporan pal 
Iiative measure, not so much m virtue of the quuititv of normal blood 
transferred as in the fact that this blood actually stimulates the patients 
own blood forming organs to greater activity In cases where the anemia 
appears to bo due primarily to too rapid de>trtiction of erythrocytes, we 
imv expect blood transfusion to be of less benefit 

rinsiologv and pathology j,uo us no basis for expecting, and clinical 
experience has not 'hown, fhit ammn, except that due to actual roe 
cliamcal loss of blood is cured by transfusion, especially where the condi 
tion IS hcreditarv or partahes of the nature of mmlignaucy 

Th«ap«uUc Uses of Leukocytic Extracts — aud also Hiss and 
Zinsser, beginning in 1908, reported that inirapentoncal or subcufancsDits 
injections of extracts of leukocytes in animals, and subcutaneous in 
jectious of the extract in human patients, protect against inanv infections 
(pneumococcus staphylococcus, streptococcus, Tnciiiugococcns, typhoid, 
dvseuten and cholera), and in patients Instius the recovery from these 
infectious Zins cr, lIcCoy and Chapin latir reported a similar protec- 
tive action of Uukocytio extract against cxpcnnitiital bubonic phgut 
Flovd and Lucas and also LamUrt uport t,ood results from leukocvtic 
extracts lu pneumonia aud crvsipclas On the other baud, Vhxnidcr 
ob«;encd no favorible results lu aiiv infection Williams and loulaud 
stated reccutlv that leukocytic exliacts have no effect on (he temperature, 
the kukoevto count, the condition of the patKiits, or tlio conr&o of the dis 
ease in lobar pneumonia \ouland obtained practically ucpativo rt«iilts 
with the extracts of expenmeiifaljv induced, acute mfcctioiis m aniuiak, 
thus contradicting the original observations of IIi'^s and Zinsser 

Archibald and ^loore report that injections of leukocytic extracts pio 
duce a temporarv leukocy to'us in normal animals and normal persons as 
well as in patients with infectious diseases They claim to have obtained 
good results, and report one case each of lobar pneumonia, cellulitis, 
puerperal sepsis, cmpvcim, and erysipelas The eases reported prove 
nothing definite as to the ralue of the extract injections 

Archibald and ^loorc ascribe tbe favurablo action of leukocytic ex 
tracts to the stimulation of leukocy toais ilauewanug supports the view 
of a diiect bactericidal action of the extract Such bactericidal action can 
bo demonstrated m l itn but it is too slight to bo of anj significance ivhen 
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a few cubic centimeters of the extract are injected subcutaneoiislv into an 
adult person It has aUo been alleged thnt leiikoL\tic extracts increase 
the imnninit^ reaction, and aid the iction of specific seruni antitoxins, 
and laccines. There is no c\idence for this 

iclion of Leukocytic Extracts — Ihe action of these extracts in infec 
tiong IS probably not specific It is well known that the micction of an\ 
forci,jn protein or nuclcoprotcm prodnet in most cases a temporara fever 
and ieukccjtosis To the extent that the e two reactions arc of value in 
infectious cliseases, leukocytic extracts other organ extrac ts or, still better, 
simple proteins maj have some effect But this is drug action not organo 
therapy 

The important role in immunitv (phagoevtosis pr >ductiou of luimiine 
bodies) ascribed to the Icukocytca bv Metchmkoff is pn>babh respon ible 
for the great attention given to leukocvtic extract* in infectious diseases. 
Tho kukocvtca are not important elements in the fixation of antigens and 
production of immune bodies (Hektocn and Carlson) 

Hemoglobin Feeding — The feeding of hemoglobui in various anemias 
IS not organotherapv There is no evidence that giving licmoglobiii bj 
laouth or pareiiterallv stimulates the bone marrow or prolongs the life 
of the crvthrocjtes, except as this mav be done bv anv other organic iron 
compound 

Lymph gland Therapy — On tlie basis of incompetent experiments 
(hemoJvnamic action following intravenous injection of extracts of tho 
ll7nph gland ) Afarfori has postulated a lioriuouo ( hTnphoaarighno ) 
production bj the Ivniph glands \ftcr revKvvuig the entire liferaturo 
ou the subject Vincent concludes that there is not the slightest reason 
for believing that the Ijmph glands carr) out unj tndocrinc function. 

Summary 

There ts at jireseni no organotherapi of the blood of the indii'tdual 
Hood conslitucnts or of the lymjh glands 


THE KIDNEY 

The theory that tho kidnevs produce a plivsiologicnllv important m 
finiul secretion, in addition to tlicir cxcrctorv function, projwscd bv 
I’ruuii StNjuard ind d \rsomaI in lo) baa Uxii shown repute Ih lobe 
without foundation (Bradford, Suncr \iiiccnt and Sfn-cn Ivars-ncr 
Ihiiiker and Grabficld) but it still finds eumc adherents (Itakiira) It 
has been cluimcai tbit ligation of thp uretirs docs not produee tbo saint 
clfeets on the animal as extirpation of the kidueva and that the removal 
of the greater part of tho kidmv sul tanc« aevekrate-s nieiaboli in apart 
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Blood transfusion has also been tried, with no significant results, m 
\arioii3 infectious, with the idea of triuafusnig immune bodies and actnc 
phagocytes to tlio patient It Ins been tried in hevwphdui purpiim hem 
orrhagica etc But the most citonsne tnnsfusion thenpy so fir dc 
\Lloped IS that of the \anoua nnemiiu Cluutal and L\iKrimental tapcri 
tnco ippear to lorec that blood transfusion stimulates (tinporanly the 
blood foriimig orpins of the patient or tho recipient, cicii in cises of 
pernicious aiicmn, mikss tho catliexia appro ichts that of a monhimd 
condition Xhc transfusion is, therefore, of value as a lemporarv, pal 
liative measure, not so much m virtue of the ipiantitv of noniiil blood 
fransfirred as in the faet that this blood actually stimuhtcs the patients 
own blood fonning oigana to greater activity In cases where the aniinia 
appcira to be due prinnnly to loo rapid destruction of crvthrocytcs, wc 
ma\ expect blood tr insfuston to bo of Ic s benefit. 

Phvsiology and pathology give ns no basis for cvpicting, and clinical 
expcruncc has not shown, that aiumiu, extept lliat due to actual me 
ehanical loss of blood is cured b> transfusion, especially wlitro the condi 
tion IS hereditary or partahes of the nature of imilignancy 

Therapeutic Uses of Leukocytic Extracts— lliss and aNn Hiss and 
/msser, hOpitmmg lu 1008, roportcil that intrapcntoneal or subcutaneous 
injections of extracts of leukocytes in animals, and subcutaiuuns ni 
jections of the extract ui huiiiaii p iticiits, protect against ni iny infections 
(pneumococcus staphylococcus, streptococcus, inoningncoctus, typlioid, 
dvsentory and clioltn), and m patients hastens the retovery from these 
infections Zinsser, McCoy and Clinpiu later rcportid a similar protic- 
tuo action of kiikocytie extract against experimental hiihonio plague 
llovd iiid Incas and al o I amhtrl iijHirt good n ulfs from Iciikocvtic 
extracts in pneumonia and crvsipclis On the other hand, Alexiiidcr 
observed no favorable risults in iiiv infection Wilhiims and koulaiid 
stated recently that leukocytic oxtiaits have no clTict on tin, tiniperntiin, 
the leukocyte count, tho condition of the patients, or tho course of flie dis 
inso in lobir piicuinomi k oiilaiid obtained practicilly nc^itivo results 
with tho extracts of cxjiernmiit illy induced, acute iiifcctinns in aiiiiniils, 
thus contradicting the original observations of Hiss and /iiisscr 

Archibald and AIooic report that injections of leukocytic cxtricts pro 
duco a tcniporarv leukocytosis m normal animals uid uoniiul persons as 
well as in patients with infections diseases llicv claim to have obtained 
good results, and report one ease each of lobar piitumoma, cclluliti*, 
pucrpcr-il sepsis, einpvcmn and trvsipclas ilic eases rtpoitcd piovo 
nothing definite as to tho value of the extract injections 

Archibald and "Moore ascribe tho favoribk action of leukocytic ex 
tracts to the stimulation of leukocytosis Jlanewaring supports tlio view 
of a direct bactericidal action of tho extract Such bactericidal action can 
bo demonstrated iniitro but it is too slight to be of any sigiiiiicnncc when 
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ranced by European clinicians Crood results aro reported of course 
Jaurcgg and Bajer (Lehrhueh der Ori/ano(herapie) listed foiirtcrn organo- 
tberapeutic Iner preparations on the market Eleien of these were 
‘ made m Germanj ’ 1 

There is at present no raitondl or useful orffanofJierapi/ of (he liier 
and because of the nature of the Iirer functions there is little or no 
hope for the future in this direction But biochemical re^parch nia> pro 
duce from the Iner substances of biological and clinical importance m the 
Tvaj of drug actions 

The recent work of JTann and others on extirpation of the liver indi 
cates that the depression and death of the animal foUowiiig loss of the 
Incr IS accompanied bj extreme hvpoghccmia The depression can be 
temporarily controlled by intravenous injection of fflucose but the animal 
dies despite the glucose administration The cause of this !irpnj,hccmia 
18 not known The condition is not improved bv liver extract admiiiis 
tration But Hooper has shown that feeding liver can parllv control the 
digestive disturbance following tbo complete chmiuation of tho bile from 
the digestive tract m dogs 


THSRAPEUTIO USES OF OTHER ORGAN EXTRACTS 

Brain and Spmal Cord — The treatment of epilep v imcntia, dc* 
mcntia prsccox, mania, melancholia chorea tctinus livdrophobia cfa, 
"Uh extracts of nervous tissue is, in tho light of our present knowledge 
less rational than the principles and practices of "Mrs Jddv The litera 
turo on this therapj is abundant, contradictorv and worthless. This is 
not sajing that the nervous fis«ucs produce or stoic no honaone* or 
that interesting and useful drugs mav not be prepared from these tissues 
But these things will never be cvtiblisbed bj indiscriminate feeding of 
dried brain to patients 1 erhaps wo would make givater progress if tho 
manufacturers could be induced to use the brains of horses instead of as cs 
and sliccp for their raw material and the finished product was taken 
bj the doctor instead of given to the patient. 

Bono Marrow — The nd marrow of the Ixmcs is in c 'Cntial factor 
in the production of red torjiiiscks aud probnblv m the formation of 
manv uiimuiie bodies But tlurc is no evidence that fcediiio or injec- 
tions of lione-inaiTow extracts is of anv prtctuil value in boiie-inarrow 
diseases 

Tumors — Rational la«i8 for the treatment of tiulipiiant growths with 
tumor extracts has been sought in the principles of vaccination and the 
‘protective ferments of \bdcrhaldcii. The results arc unreliable or 
negative (Schubert, Bauer Lotzcl and Wis«lev) 
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from or m the absence of uremia Noue of tbtse claims lias been sub- 
stantiated 

Itakura has rccentlj advanced the novel view that the kidneys regu 
late the concentration of the sugar in the blood b\ -m internal secretion 
This IS imiiktly, in view of the absence of primary renal imohcnient 
in diabetes, and tbo absence of hvperglyccmia or reduced power to oxidize 
sugar in nephritis, except as due to uremia 

Practically all the therapeutic uses of kidney extracts have been re- 
lated to conditions of impainnent of the excretory functions of the kidney 
Capitaiii, Donoiaii, Fonnanck and Lisclt, Rcnaiit and others have re- 
ported the cure of nephritis and uremia hy feeding kidney or subcutane- 
ous injections of kidney extracts Others report negative or injurious 
effects (Lewandowskv, Seuntor) Kidney extracts have no specific di 
uretic action but kidney extracts for kidney organotlierapy arc on the 
market Jauregg and Raver listed (1914) seven Gennan and one French 
commercial preparations And here is a sample of the Aracriciu clinical 
evidence for the efficiency of dried kidney substance in nephritis “The 
woman was five months pregnant, the urine showed a low specific gravity, 
about 1 per ant albutniu, and other indications of renal embarrassment 
bhe was given renal eomiiound (dried kidney and pancreas) 1/^sr its 
use for iuo months together with a regulated dxet and rest the vnne 
shoued a normal specific grauly and no albumin 1 cannot help but feel 
that we owe a good deal to organotherapy” (Harrower) ® 

In the light of our present knouledge of kidney functions and hdney 
pathology the treatment of uremia and nephnlis by kidney extracts is 
useless and possibly injurious 


THE LIVER 

The liver plays a veiy complex part lu the animal economy, external 
secretion (bile), detoxication (ammonia, amino-acids, hemoglobin, poisons, 
etc ) , internal secretion (glyco^jcn, fibrinogen, antithroinbin, immune 
bodies, etc.), desaturation of the fats, storage of vitamins, etc. So far 
as we know, all these processes depend from moment to moment on the 
living hepatic cells, and, as far as vve know, thcro is stored up no sub- 
stance of the nature of a hormone in the liver cells Hence, there is no 
rational basis for liver organotherapy Ncrertlielcss extracts of the liver 
have been administered (by mouth or subcutaneously) in cirrhosis, dia 
betes, Banti’s disease, hemoptysis, purpura epistaxis, heraatemesis, me- 
trorrhagia, prungo, urticaria, snake bite, and other affections 1 It appeare 
that most of this irra tional and certainly useless therapy baa been ad 
The italics are mine — A J C 
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OROANOTHERAPFUTICS 


Muscle — Aleit is a goo.I food for most people in health and for some 
people in disease But meat extracts arc of no talue as organalherapeutic 
agents 

Lung Parotid Gland, Tonsils Lymph Glands, Retina, Iris Nasal 
Mucous Membrane, Etc — Wfaj complete the list I I luig, parotid gland, 
tonsils, l^inph gland's, retina, in's, nasal mucous membrane, etc, ha\e 
been iisicd, in modern medicine to cure diseases of these tissues ^Vc are 
afraid this chapter funiishos an argument against caoliition in medicine 
It Mould bo rare humor — if no were not dealing with human ills, and 
with a profession standing for mlelhgcnce and lione«t^, in opposition to 
the quacks 

SuMMArV 

The sum total of established facts after thirtj jears of clinical and 
experimental Mork in organotherapy are fc« and quickly stated 

But a treatise on the general principles of organotherapy invohcs 
to da\, in a lar^o measure, the disjgrocaWc and thankless ta«k of clearing 
a« o worthlo 3 and misleading nihbidi \Vc hcheve (hat the reader uho 
has had the interest and diligcuco to follow ns through this chapter anil 
agree to this proposition, and wo have ciidcaaorcd to do it on the basis 
of clinical and experimental facts and biological icasoiiing 

In the greater tisk of poiutin^ out nevr lines of possible adaaucc and 
control, MO haac endcaiorcd to steer a middle course between the Scylla 
of therapeutic nihilism, and tlie Chary bdis of therapeutic credulity 
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influenza 433 

——malaria 443 

— — pneumonia 444 

— — pulmonary tuberculosis 440 

— — — Cornet method 440 441 
— ——routine treatment in 440 
— —syphilis 439 

tetanus 440 

— — tvplioid fever 442 
— — yellove fever 441 

— intoxications and 449 
——alcoholism 4 ” 

— — — acute 45. 

— chronic 4 2 
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Hydrotherapy, joint diwa aiiJ 4 0 

acute arti ul r rheunmtiBin 4 1 

arOintis deformans 450 

— . — gonorrheal artl ritis 4 1) 

rheumatoid arthritis 4o0 

— L itcr c il f r applicaticn of lee 4 3 
— -metabolic disord r and 431 

hronic articular rheu nati m 431 

diabetes insipidus 429 

— — dabetes melhtus 4 9 

esoplithalmic goiter 4 0 

gout 431 

muscular rheumatism 41 

tjpes of 41 

obes tj 4 0 

— Neptune girdle 4 0 

— neriDUs d sorders and 444 

erebral anem a 444 

cerebral 1 emo rl age 44 

— — eerelral lyperemia 44 

—— chorea 44 

tpll p9V 44 

— — leadacbe 44 
— — leinicranu 44 440 

hjsteria 44r 

— — infantile paralyii 440 *i' 

— — inacnuJia 447 
——mania 4a0 
— — jnyelt 447 
———acute 447 
hronic 449 
— — neuraleift 449 
— — neura tl nia 449 
— — — T utina t eatm nt n 449 
— — n untie 449 441 

parafjsie 440 

— — epaainodie tic 4 0 
——tabes dorsalia 449 

— mo s 414 

— — mecbaniam of 414 

— — princple in treatment of sounds 

414 415 

— p 1. 419 

— “ i 4 4 

« t 418 419 

net blank t 419 

— fe ncrt 409 4i0 

— rc piratory d sea ea nd 4 7 
acute b on hiti 4 8 

edema of lungs 4 8 

i vp rem a of lun^s 428 

jleuriey 4 3 423 

— 1 e 8 lution in treatment of aounda 

415 


— u gery and 41 

tovemi S and 440 4 

— — arsenic p is n g chro c 

me cu alism chro ic 4 

morpl in sm chrome 4 - 

plumbi m bronic 4 


-th 


iiio fe\ r 
403 

eleetr cal conductor 408 


Hydrotherapy ' 
pbcatioa u! c 


40S 


1 n of heat 


as auheut 411 414 

as cchicle f r drugs 414 

effect on skm 40J 

Died amsm 409 410 

mode of application 4]o 4'’4 

f ctors goeermne 4ir 

o niotic pre lire of 414 

plT iolo,.ical act on on kjn 409 

pr ferties of 40S410 

use of 414 

— 10 s ptic <0 d t ns 414 

in shock 414 

— — ffe-* aUto Ply i therapy Thermo 
tleripy 

litlfKiDBFMA or„anothernp lit cs i 14 

lltraaeMts Are Tl eruioll ei 
Ihi’fcRyi.>cnoy pbi iabt 
o e notf rapT 81 CIS 
IhPPKiono I xra> tie ajt in ri7 Olfi 
lltPtKrmiTaiDtu ^ t Ore n th rap ii 
tl s 73( <1 

lhaEBTUTttoip(«M clinical COCO 

— <\fe m nial 058 r 9 

— (I r es of C r 6 s 
Uierapi m 6 b 


inaff ted !> 


71 


II eutica 1 


714 
9 f 


IftPOCtiLOBnTbKiA tlermotleapt 
Tluniotlcrapt 
lIiroenTsis m o gan tlcrap uti a see 
Organotherapeut 

llYminsia ctREBRt SeHtpopl la 
flXPOPiTiiTAiu V Sie Ogai tlcrapeu 
t ta 3 .37 

IIMOtEssioy plit th ap\ n 491 4')„ 
IhKTiira iDi M in dult oC 
- in cl ildl cd f S GP 
ItrsTERCA 1 ydrotber pi in 446 


J FAhttLE PARALYSIS 1 fParallSI 
I PANTILE ITERl 8 belt I 

I Ftenot s oisEtsEs BPMiFSc bjdrotfer 
p n See H)dr th pi 
Infundullab boot 6 e 1 0 t r or 1 be 
Inorganic substances S r Nutrition and 
Ul tet c 

Insolation Str Cl matol gr 
I M»(N(A lidt tl e ap} 44i 
Insulin 9e Or"a tie feuti 
I TFB IltTENT CLAIDICITIO 494 

lyniNiCATio'y concintration m 0 
— theo y of 66 
— uate 1 6 

I lOilcATlON 1 1 Ir tic apj in 5 ally 
drott crap y 

lodm m tl } roid gl n 1 6 0 6 1 
Ionic medication, b e I n ration 
Ionization. See Electrotl erspi 
lo s a (ion f SO 
—am 18 10 
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Hydrotherapy hath* liamwfx-L 
iui3dtiionii> and 4 1 

— c< iilra jiKlieaiioiia 4_' 

BJf 4-5 

— effoet of 4_J 

— “Irthli Uuinan 4 ^ 

— — lluoaian 4 3 

»hrtt 417 

— ~ — iifpet of 4If 

wtz 4 4 3 

elenat 4JJ 

— — — f iTert of 423 

— — uarm full 421 

(Ttrt 4 I 

— _ — inJirations 4^.1 

— llraiid bath 4 0 44 

— cuculaton lii cawa and 42a 

artert< acUrt m 4-ti 

— •— indoiardil)* 4-d 
•— — — acoie 4 0 

— — — chrmic 4> 


— — periearUitii afiitp 427 
-'•■cold 410 

application of 410 

— ■tiTift on 41- 

IJhhI 411 41" 

IIwmI fn *iirf 411 

IriBllin;. 410 

— -Icart 411 

— 411 
,„i, cJ,K 410 411 

— — — — ti»u» 4ltl 

— — intrrim'diRti' rf»ipii e 4J2 
•“ — ~Jo(al 4 0 4’1 4‘>j 

— — —remote scnernl action 412 

— — cold atimuiua 41- 
— cemprcaa 41fl 

— — abdominal 419 

• cmiiifladon 420 

— — Neptune pirdl 4 0 

wot 4111 

— con tUuliona! Iioorders and 4 9 

— — ani-inia 4’‘l 

— — fliloTosls 4-9 

— douche* 4 ’ 

form* of 423 

— gallbladlcr discaiics onJ 43 
— itinp* and ilo 

— gaatric ilispiso* nni 417 

— — acute gastric catarr) 437 

aUny of atwnach 417 

chronic gftfitritia 437 

diklaljon of Btomach 437 

— — dicpcpeia 437 

— — gaalroptoais 417 

— — ulcer stomach 437 

— comprcaaes 433 

s)la ball a 458 

— gastro-inteeUnal tract and 41a 
appondifitia acute 43tJ 

— — oliolehlbiaais 4S 
— — conafjpattoii 41a 
— — — -alonjf 43i> 

— — — fp-istic 435 

— — diarrhea 420 

— — enteric disease* 41>4lT 


seldie 


Hydrotherapy gastro intestinal 
and cnUritiR acute 439 

— — lentomtis >,incral diffuse 436 

— (,tiic.rat indicaturis f r 4-4 

— l,ii}}lt>urinHr> tliBiasca and 43- 

— — aiuciicrrhca 414 

— — binds r disea i» 43- 
c> titia 432 

— — d> imuurrlca 434 

-tnd metritis chronic 434 

rourcsia 432 

— —Cl idid«mitis 43a 
goiurthia acute 413 

— kiclnc) distasea 43 

— — menorrhagia 434 

metrifia chronic 414 

niptntis acute 432 

»e]lir>i>a chre me 432 

bat) a In 411 

— — circular douche 433 
— — — naeV* 433 

orilatia 43a 

— — u<arian distsdea 434 
prostatilia 413 414 

— — aa1]ingilia scute 434 
urenia 431 


—h at 413 

— — appJjraliDB of 413 

— -IIS ^riitrai sMatne 413 

actlcn 413 

efficlon 4J3 

— — — — nuiscJe* 413 

— — — —rrawriUiij} 413 
local 424 

— ——— centra mdicHticn# 4*4 

ilTcila 413 

— kcmorrl Olds end 42i 

— Ic| slie loprrcium and 42a 

— hi tori ct 409 407 

— ice bog 4‘»3 

— ue ral 4-4 

— infcctiou* disoancs spccinc end 438 

— — ImsIic cholera 441 

— — ccrebro pinol toiningilia 443 

— hammock bnth 444 

~ routine treatiii nt 444 

— — cUolera Intaotuiii 441 

liphll cna 438 

dj-acntcri 44“' 

— — exunll emuta 438 

mearh* 433 

— acarlittna 430 

lafliicnoa 438 

malaria 443 

— — pn unicinia 444 

— Itilmonary tulcrculoai* 440 

Cottiet metl od 440 441 

— — — routine trentnient in 440 

— — ejphiliii 439 

— — fctaitua 440 

— — fjnhoid freer 442 
— jellow feier 441 
intoaications onl 440 
— sleuliolism 4 2 

——chronic 4 2 
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Mensuration m gvinnastics 5 e Mm> 
anutherapj 2 0 61 
Mesothonum. '•ee Radium 
Metahousm disturbances of I'IS 194 4®9 

— in fe\ r See Isutrition and Dabetics 

— thermotherapy in See T! ermotl erap> 

— See also I>utrit on and D etrt cs 
Metborbhagia rad um therapj m sSO 
Mineral springs Set Balneoto^A 
Mineral waters See Bain oli^i 
Miners coNSUiiPiioy 200 

Motor >ELRO'r nx iuns physiotherapy in 
See Phjeiotherapy 
MoOSTAI’f SICKTESS 103 194 
AlotTH DISEASES OF phrsiotherapT m 498 

— rad u n therapy in Si3 
ilLsCLE >EB\L TESTlno 477 480 

Unco is iingoides iray tie apy in 608 
609 

Mnocarditis pliTBiotherapv m 494 

— U* motherapt in ‘•eerit mollierapy 
Myositis plo lotl rapj m 483 494 
MiXUiEstA org notherapj in Of 663 


Nepubiiis phys otlierapy in 5’4 

— thermotl rapj in see The motherapy 
Neptune girdle hee Hrdretherapy 
Nlbmis disorders cl matic treatment of 

900 0< 

— hydrothwapj m See KNdtolhetapy 

— tilt rod reanotleap} in 669 
Nebtous 8VBTEJI effect of x ray tlerapy 


Nedbalqia 1 yd otherapT in 448 
NEiBAsinETu htdrotferapy in 448 

— physiotl rapy in 433 
Neibitib physiolheiapy id 48 483 

— thermotnerapt in ^re Tbennoiherapr 
—a ra> therapy in o30 631 
Neubohypcpbt IB bee P terior 1 be 
Veitbonii cular ststeu di easee and to 

Junes of plit lotl erapv in 4 1 
liEEi pi ysiotherapt n ol7 
Non electrolytes 6 9 

— effects f on pr ten colloids 34 
'Nose diseaefs of rad um ttrrapT i 3 
Nutrition and Dietetics artif mat f eding 


methods of 1 0 

'’arage !•> I03 

rectal 10 12 

subcutane us 123 1®4 


purin content of 1 8 

— alone ntake 88 

— — mrarousgrup 89 89 

— calo T 85 
def t n of 8 

— carboltdr te requirement 93 94 

— — cU vfication of 82 

— det 124 

fe er and J34 

arl Iiyd ate requirement 135 

— fat requ en nt 15 

milk 135 
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Ions snicns deflnition of 10 

— cations 10 

— — ilfJinilion of 10 

— efIecU on protoplasm 30 31 

— formation of 30 

— kre oUo Icnuation 

Islands of Languiians Sft Organo- 
tlierapeutica pancreas 
Isotonic coefficients Scc Cotflicicnlt 
Isotomc solutions Ace Viliitions. 

Joints diseases or lirJrothcrapj' in 4u0 

— bee Plijsiothcrap} 

Keu>id radian) tlierapN in o 0 

— xraj t> oral > in 013 
Ker.^toses radium llicrap> in o69 
IviDNET or^not) crap} in Oce Organo 

ttierapeutirs 

— A ray therapy in ^91 

Kione) DiNoauERS climatic treatment of 
_l>3 

KvPiiosia plijsiotlicrap} in o30 o3l 


Lanccruans latANDS or See Organo- 
thcrapeutics pancreae. 

1 ABWctTiB plwbioUicrap} in o03 

— tuberculous -Oo 

— — climatic treatment of 20 a 
TuKirw effect of a ray ti erspv on 59_ 
Leiter coiL bee Ihdroticrap} 

Letkeuu radium tlierapv in aaSvCO 

— xra> therapN in 02 G.9 

Tlu&odesua pmsiotlicrapi in 317 
LeTDIO a CELLS o7 

LiciiEX FLANLS radium ilerapy m ^<0 

— xraj llerapyin GO GuG 
Light therapy See 1 bototlierapj 
LtTEB cumiiods or tlicrmutherapy in 

i$ce Tbermotlierap) 

— m parathyroid tetanr G < 

LoBDOsia physiotherapy In a31 
Ludgs edema of 429 
—-—hydrotherapy in 4 8 

— xray therapy in 601 

Lotus ebttuematosus phrsiotherapy m 

— radium therapy in 5(0 

— xray therapy in COS 

Lotos voLflABis physiotherapy \ti 517 
—radium therapy in u<0a 71 
— xray thcriniy in 008 
Lutein. See Corpus luteum 
Lymph gland therapy bee Organotbers 
peutics 

Ltupuqua radium therapy in 574 


Malaria hydrotherapy in 443 
— xray therapy in 631 
Mammary gland m organotherapy See 
Organotherapeutica 
Mania hydrotherapy m 4<>0 
Massage See Phy siof ! erapy 
Mastitis ciibonic x ray tl erapy in 622 
JIastoiditis thermotl erapy in See Tber 
motherapy 

— I ray therapy in 62'* 030 


Meat extracts juicis and ponders. See 
Nutrition and Diilctiea. 
Mechanotherapy ankle and 2o7 

circumduction of 2 a7 

— - — UorsiUcMcn of «j7 

— ap]iaratus 240 260 

nquirtincnls of SoO 251 

tjpis of _40 2GQ 

—as an adjutant 241 
— detclopinint of 040 
~ elbow _jj 

— — cxtensi n and fitxicn at 2jj 

— exercise 241 

*~ — conditions requiring Reneral 262 
— — conditi ns nquiring local -0_ 63 

— — contra indications -62 
— — indwations for 2dl -6- 

nunsiiration in 2 aJ -61 

apjarulus 2o9 260 

JUTio IS of 241 

— — tlicrafcutic clTeet on 241 243 

— — ~dt„fStion 243 

— — — gemto-urinarv system 244 

— — — m< t abolism 244 

— ——muscles 24 246 

— — — nenous sistoui 243 244 

— fingers and 2 a- 2a3 

— foot and 2 a7 

— — dorsilleaion of 2 j!) 

— — eiersioa and inversion 2oi 

— — plantar ftcrion of So3 
—gymnastics 246 

— — elassififation of movements 246 
———general exercises 247 248 

— — pas lie movement* 248 249 

— posittom in 248 243 

— bipand 2 aS 

——abduction and adduction of 2 a9 2o 9 
— — exten ion an! fiezioD of 2 a0 

— history of 240 241 

— knee and 257 

— — extension and flexion of 2 a( 2a 9 
——rotation of 2oi 

' — ^Diu eles and 24a 246 

— — plivsiologv of 24 a 

— references 203 

— (high and 2o0 
——extension of 2 a 9 
——flexion of 250 

— thumb and 2ol 

——abduction and adduction of 2 3 

— vristand ‘’53 

——abduction and adduction of a4 2o5 
——extension and flexion of 2 a 5 
— pronation and supination of 2o5 

— siretcliiiig of 2 o3 

Meeanoua X rar therapy in 615 

MfMBlLVNE, cellular aO 
lefnifion of GO 

—interference in distribution 28 29 
M6ML0ITIS ccBEURQSPiNAt. tydrothccapy 

ID 443 

MSNOFAUSE ASTiFiciAL radium therapy 

ID 681 

Mbnobruagia radium therapy in 5S0 
— * ray therapy in 0 
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Mensuration in "rmnastics Ftt Ifech 
anotlierapj- 9 2* 1 
Mesothonum ^ct Radium 
\lETA80Llsii disturliancea of J*13 1<*4 4 9 

— in fever 8<x Ivutrition and Diabetics 

— tliermotlierapv in KreTtermoU rapj 

— '\fe <ils<3 Ivutrition and Di tetica 
McTBOEBnA lA rad um therapy n 580 
Mmeral springs &ee Balneology 
Mmefal waters See Palneok y 
JllNEf^ CONSUMPTION 200 

AIOTOB KEtRox lEsiots phy 8 otherapy in 
f,ce rhjsiotherapv 
MoLNTAIV SICK’fESa 193 194 
MotTtt iisEANESOF jbi siotl erapT 1 1 498 

— rad u n Uerapj in S 3 

Ml ClE NEBIE TESTING 4l I 480 
Mico 18 FLNGOlBES X ray therapy in 603 
609 

Mnc'BDiiia phvB tlcrapyin 4M 

— tlerm tier p> in ?ce Th nnotberapy 
llTOSlTis phys otherapy in 4S1 484 
Mtuuieua or^anoth rapy in 60. 063 

NEPiiEitis plyaiotlerapy in 0 4 
— thennolhe apy in 6 e Thermotherapy 
Neptune girdle 9re llyd therapy 
\DitOU8 DisuBDEBS climatic i ealioent of 
06 ®07 

— Vidrctherapy in Sesllvdcotherapy 

— tlTroid 0 „ n therapy in CC9 
Ncatots STSTESi eff t of xray therapy 

in 691 

Neubalgia hydrotherapy in 448 
hELBASTiTENiA li]dr ttcrapj in 448 

— physiotherapy m 4S3 
hcCBiTis ely lolherspy in 482 463 

— tlicrmutcerapi n tee Therm tberapv 
—A ray therapy lo 630 631 
NciaonYTOPfiTMa a lostc or tvbe 
SsLiiOMLacrLAR STSTCSI d seaa a and in 

juries of phy s olherap I in 471 
Nett phv loUerapv in 17 
Non electrolytes 9 9 

— Ifects of on pr te n collo ds 34 

ko E DISUSES or radium tl e apy in 3 3 
Nutrition and Dietetics a t ftoal f eding 
12U 

^ methods of 1 0 

— ga\a^ 1. 1.3 

- — rectal 10 1 

— — • — subcutan us 1-3 
— be'erag 1 8 

punn c ntent of 1 8 

— caloric ntake 88 

— — in various "roups 88 89 

— akrv 85 

• lefi t cn f 8 

— carb I yd ate requirement 93 94 

— ondiments 8’ 

— — cla fication of 82 

— diet 124 

-fev and 134 

— — — carlK-l jdrate requ ement 13S 

— f t rcqu remrnt 135 

Ik in 13o 


Niitntion and Dietetics diet fever and 
pruteia requirement 13o 

total en r„y qui ement 134 I o 

u fill foods in 1 o 

inahds 136 

'foods permitted 1 0 143 

calorie value 13o 143 

— — salt pH.ur 124 

clkssification of 1'’4 

in di ease 12o 

— d etarv standards 88 89 

— dietetics 69 
definition of 69 

— fat equir ment 03 

— — oiurous effects of exte s 93 94 

— food 8 

als rption of in feve 134 

— — t tsl requ reinent 8 j 

— — — methods to determine So 

— f^ds 84 

cid f rm " 84 

Uswficat on of 84 

— — — effects of 83 

— — — talle slowin 84 
——base forming 84 

— — — classification of 84 

— — — eff cfs of 83 

— — — table shoM no 84 

compesitKii ol t)tt 

tal/l shorn e II 104 

— — di cstililitv of 113 

— — — carbohydrates 113 114 

ee^ 111 112 

fat 114 116 

a h in 

Di ts no in 

mlk 119 113 

— — — pulty 111 

— — effects of c king upon 104 107 

— — — ereals 107 

fl ur lOi 

m ts 100 

— — — ve" t hie 100 

fu 1 Blue f 69 

nfanta 140 

analvses of 146 149 

talks show g 146 149 

in mill 146 

analvse of 146 149 

— tatlea hoM " 146 149 

- letvgtli of t me in stomach 115 lli 

nedicinal 150 

nalyses of loO 

nut It le valu of 10$ 

pr pri larv 143 

. — Ja es 143 

c mpo iti n 144 

I m t extracts 144 

; fluid H4 

I alvees 144 145 

■ srl d 144 145 

■ — — analvses of 144 145 

u eg of U3 

— — — value of 143 
T tamia defic cy in 144 
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Nutrition and Dietetics foodii tiurin con 
tdit of 1-7 128 
tall conti lit of 12 j 127 

— — — laf lia siiottiiig i2j {■’7 
UMB of 71 

~ — vitamin coiitint of <7 81 
— — tabic allotting <1 81 

— foolatiiirB 70 

claesjfication of 70 

carbolijdratcs 70 

fats lO 


— — — inorganic sub tances 71 

— — — jrofcin* 70 

— — — — adequate il i2 

— — — — inadequate 71 72 
usea 71 

— — — Mlamins 71 

— gluten tlotir lOj 

— — compofitw n of lOo 

— meat juices Mj 

— — anahieaof 14o 

— — ccini o»iti n of 14 j 

— — nulrilivc lalue of 145 

— meat ( oMdera 14 < 

— — annh»ciof 14o 

— metal oliam 8 

— —in feier 111 

— nitrogen metabolism 131 177 

qualitati\c cl ange* 130 131 

— — — quantitatfte eban^es JJ3 130 

— total metabolism 128 

— — rate of 8fl 87 

— nutrition 00 

— — dcflintion of 00 

— orerrecdin„ 110 

— — clfects of 110 120 

— protein requirement 00 

— — amount of 00 ‘U 
——in disease 01 

— — injurious effects of excess 02 

— — standards of 00 01 
\ar]a(i ns in 01 02 

— purins fc>rm8 of 1'’7 

— references 151 1^3 

— salts uses cf 73 

— standard rations of 05 
— — 'Carbolijdrate Oj 

fat Oo 

——protein 9 j 

— starvation 117 

complete 117 

effects of 117 118 

— — partial 118 

elTects of 118 

— total energy requirement 80 
adult 89 90 


— factors influencing 80 

— ago 87 

— — musculsr actiuty 87 

— size of individual 87 

— vitamin diet <0 

—selection of 70 81 

tables showing 77 81 

-vitamins 74 


Nutntion and Dietetics vitamins classi 
ficatun of 74 
““—Ji tnbiitioii of 7.^ 70 
“■“ilTict of lach (4 lO 

— oecurrenic of i> 

-fropirtiis < f ( (0 

— Water usis i f (3 

OiipviTy faro li m in Kec Electrotherapy 

— Iijdrotlerapj in 430 
Occupational therapy 2u4 

— ugontics j ri motiiij. 2olI 207 

— aijlication f - S 27t}2i8 

— ba ic primit les < f %, ■’os 2i9 

— UHiiitian of 2W 

— levcbpnient of 2C4 -C8 

— disablnl and critpltd and 2C8 
— ergotliorapj 207 
——“definition f "OZ 

— functiMial rtt location 207 
——definition of 21*7 

— — purp i*t of Sf / 

— lospitals and ’Ou '’00 

— manual work as therapeutic agent m 

204 2f, » o 

— nervous disorders and ZOo 
——early rsco-'nition of 20o 

— furpo 0* of 20i 

— references 280 

— reliabililalion tliirufj dcOnitioa of 208 

— remi lial work 208 

— — amluJatorj ea es an f 271 ”74 

— — iBslndJ n eases and ii8 270 
— — tvpes of -1*8 2 J 

— santlanums and 200 

— sebetioQ 4 f suitable work •’68 

— stimulus by World War 200 

— synonynia of 207 

typos of work in 2C> ”00 
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— t.overnnientHl 200 

— — approj nation for ”00 ”67 

— vocational training 208 
——application of .i0 2i8 

-artielea pr iduced 2i8 
kinds of 2i8 
-—director f lO 

qualificati n of 277 

——equipment for 2i4 “TO 

— financin„ of i8 

— space required for ”(8 
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— aho riiVBiotherapv 

O Dwyer treatment m tliermic fever 453 
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— Fliodin <77 

■lemoglobin feeding 7/9 
— — leukoevtic extract* 7(8 

— — ^ — action of ((8 779 
—effects of 778 779 

— — tl erspcutio uses of 7 8 7(9 
— —references 897 

■ ' transfusion of <77 

benefita uf /<< 778 
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Organotherapeutics Ilood in tranefusioA 

M oifeitB of I iti 

— \alue 1 7<8 

— clinical control in ti_ 

— clinical or^anot! e apy 64( 

— complete organotherapj 617 

— dangers of intra\cnou8 C-13 

— defin t on of C33 634 

— deveJopment of 63 036 

— duoJenal muco a and 1 12 
references 806 

— — — a dru„ 4 1 

1 te oi in gnl T 

prepa at on of <72 

— — MCtctin Qiganotl lapv 7i3 

m diab tea m 11 tus m3 774 

res lit of 774 

— dystrophy an) 638 
effect in 638 
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■— — — tliallieriiix in 0 

FXirclein 0 

<nl m tnlia 1-0 

— — — ipnizati II jn .i”! 

entire ) "1 

— — — F>ec(r«i(i III -1.3 
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RAPioueB lATiTi be \ ra8 tl crap\ 
Radiolherapeuncs ''«« Radiotl e ttp8 
Radiotherapy ^ c R lium tl er pj \ 
ra\ tl rapi 

Radium '< e radium U crapj 
lUltiUoiaNH 4 540 

Radium therapy 43 

— abd m nal ro diti ns a d C 
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radium 514 
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fir^t degree 514 
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——results of 212 
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— — results of 212 
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217 
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loiso\<< absorption of 150 
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— clasei^cation of loo 
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Secretin, m or{.aiiotl eiapy bee Organo 
tl rapeutics <i - ii4 
^ECBETlov mechanism of 52 

— secreting 8\ tem 49 

— selectiie o 

'=iPTic JNFECTiox thermotl erapv m See 
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— ealme s lutions in 48 
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•'IGSIOin IMPACTION pi j lotl crti > in 
UO 
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si ck 49 
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— X rayr therapy in 9 
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hlOMAClI ATOMC COyDITJONS OF tl errao 
therapy n bee T! m Ih rapy 
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hlBiNyoLUTloN tF UTErLB th motberapj 
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— — action ol V>1 
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— -— — — of jectir* clang**, 
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— — — method o{ administratlcn 4 m4 
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